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Abstract

Background: The elderly, and especially those with an immuno-compromised status, are vulnerable to infectious
diseases. The purpose of this study was to examine the clinical characteristics and therapeutic outcomes of
cryptococcal meningitis (CM) in elderly patients in Taiwan.

Methods: Ninety-nine adult patients with CM were identified during a 15-year study period (2002–2016), of
whom 38 elderly (≥ 65 years) patients (16 men and 22 women, median age 72.9 years; range 65–86 years)
were included for analysis. The clinical characteristics and therapeutic outcomes of these patients were analyzed and
compared to non-elderly adult patients (< 65 years) with CM.

Results: Among the 38 patients, diabetes mellitus was the most common underlying condition (15), followed by
adrenal insufficiency (7), malignancy (6), hematologic disorders (5), chronic obstructive pulmonary disease (5),
autoimmune diseases (3), liver cirrhosis (3) and acquired immunodeficiency syndrome (1). Altered consciousness
(29), fever (21) and headache (17) were the leading clinical manifestations. Positive cerebrospinal fluid and blood
cultures for Cryptococcus (C.) neoformans were found in 26 and 9 patients, respectively. There were significant
differences in gender, altered consciousness and recent cerebral infarction between the elderly and non-elderly
groups. The elderly group had a high mortality rate (36.8%, 14/38), and the presence of cryptococcemia was the
most significant prognostic factor.

Conclusions: This study offers a preliminary view of the clinical characteristics of CM in the elderly. The results
suggest that elderly patients (≥ 65 years) are more vulnerable to CM than adults aged < 65 years. Compared to
the non-elderly group, the elderly group had female predominance, higher rates of altered consciousness and
recent cerebral infarction as the clinical presentation. The presence of cryptococcemia was a significant prognostic
factor in the elderly group. This study is limited by the small number of patients, and further large-scale studies are
needed to better delineate this specific infectious syndrome.
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Background
Aging is a complex process that negatively impacts the
development of the immune system and its ability to
function. In addition, concomitant disabilities and co-
morbidities are common in the elderly [1]. These factors
render elderly individuals more vulnerable to infectious
diseases including central nervous system (CNS) infec-
tions [1–5]. However, the classic presentations of infec-
tious diseases are not always noted in elderly patients,
making it difficult to make an early diagnosis leading to
a delay in treatment [5–7]. Cryptococcal meningitis
(CM), caused by Cryptococcus neoformans infection, is a
serious infectious disease of the CNS [8] occurring in
both immuno-compromised and immuno-competent
patients [8, 9]. Clinically, in contrast to acute bacterial
meningitis, patients with CM, which is classified as
chronic meningitis, have a slower onset of symptoms,
evolving over days to a few weeks [10]. Nevertheless,
laboratory studies such as the measurement of crypto-
coccal antigen (Ag) titer and/or culture of C. neoformans
are still the mainstay for a definite diagnosis. In our pre-
vious study of the clinical characteristics of bacterial
meningitis in elderly patients [5], the clinical presenta-
tions were similar to those of non-elderly adults. To
date, the clinical characteristics and therapeutic out-
comes of CM in elderly patients have not been reported
in the literature. Because of the aging population in
Taiwan as well as in many other countries [5], we con-
ducted this study to analyze the clinical and laboratory
features and therapeutic outcomes of elderly patients
with CM compared to non-elderly adults with CM in
Fig. 1 The age distribution of the 99 elderly patients with cryptococcal me
order to delineate the clinical characteristics of this spe-
cific group of patients.

Methods
We retrospectively reviewed the clinical manifestations,
laboratory data and initial neuroimaging features of
adult patients (≥18 years of age) with a new diagnosis of
CM admitted to Kaohsiung Chang Gung Memorial Hos-
pital during a 15-year study period (2002–2016). A total
of 99 patients were identified and classified into elderly
(≥ 65 years) and non-elderly (< 65 years) groups. The
therapeutic results of these patients were evaluated at
discharge. This study was approved by the Ethics Com-
mittee of Kaohsiung Chang Gung Memorial Hospital
(IRB No:1608300002).
In this study, CM was defined as either (1) isolation of

C. neoformans in one or more cerebrospinal fluid (CSF)
cultures, a positive CSF cryptococcal Ag titer, or positive
CSF India ink staining which stains the polysaccharide
capsule of C. neoformans and exhibits a halo around the
cell against a black background, and clinical features of
meningitis; or (2) isolation of C. neoformans in a blood
culture with clinical presentations of meningitis and typ-
ical CSF features [8, 11]. The neuroimaging findings
used for analysis were derived from initial cranial mag-
netic resonance imaging and/or cranial computed tom-
ography studies as previously described [8]. During the
study period, the main antifungal regimen was ampho-
tericin B +/− flucytosine +/− fluconazole for induction,
consolidation and maintenance therapy [8, 12]. Extra-
ventricular drainage and/or ventriculoperitoneal shunts
ningitis



Table 1 The clinical characteristics and laboratory data of the
99 adults with cryptococcal meningitis

Non-elderly group
(n = 61)

Elderly group
(n = 38)

p-value

Gender

Male 48 16 < 0.001

Female 13 22

Mortality at discharge 19 14 0.597

Underlying disease

AIDS 11 1 0.026

Diabetes mellitus 8 15 0.003

Liver cirrhosis 6 3 1.000

Hematologic disorders 7 5 1.000

Autoimmune disorders 7 3 0.737

Malignancy 3 6 0.083

Chronic obstructive
pulmonary disease

0 5 0.007

Adrenal insufficiency 1 7 0.005

Organ transplantation 1 0 1.000

Immunocompromised state 26 17 0.837

Initial presentation

Headache 48 17 0.001

Altered consciousness 20 29 < 0.001

Fever 39 21 0.390

Seizure 9 6 0.889

Visual disturbance 15 1 0.004

Hearing impairment 5 1 0.402

Cerebrospinal fluid data

White blood cell count (109/L) 0.17 0.09 0.022

Glucose (mmol/L) 2.18 2.92 0.153

Protein (g/L) 1.50 2.54 0.186

Lactate (mmol/L) 5.25 5.35 0.896

Positive India ink stain 22 9 0.113

Cryptococcal Ag titer
(≥1:1024)

26 12 0.163

Positive culture result 51 26 0.004

Serum cryptococcal Ag
titer (≥1:1024)

22 12 0.766

Cryptococcemia 21 9 0.258

Extraneural involvement 5 5 0.501

Neuroimaging findings

Basal meningeal
enhancement

22 12 0.584

Pseudocyst/VR space
dilatation

18 14 0.394

Hydrocephalus 18 15 0.263

Recent cerebral infarction 3 11 0.001

Cryptococcoma 5 1 0.404

AIDS acquired immunodeficiency syndrome, Ag antigen,
VR Virchow-Robin
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were used to relieve hydrocephalus and/or increased
intracranial pressure [8, 12].
Because a cryptococcal Ag titer ≥1:1024 is an import-

ant cut-off point for the prognosis of CM [11], we used
this value for further analytic comparisons. In this study,
we performed two separate statistical analyses. Because
immune condition is an important factor in the under-
lying condition of CM patients, we also classified the 99
enrolled adult CM patients into those with and without
an immune-compromised state [13] for comparison.
First, we compared the clinical characteristics, laboratory
data and neuroimaging findings between the elderly and
non-elderly groups. Second, we investigated the poten-
tial prognostic factors of the elderly group. In statistical
analysis, categorical variables were analyzed using the
chi-square test or Fisher’s exact test, and continuous var-
iables were analyzed using the t-test. Variables with a
p-value < 0.01 were further analyzed using multivariate
logistic regression analysis.

Results
Of the 99 adult patients with CM, 64 were men and 35
were women (age range 20–86 years; Fig. 1).Thirty-eight
patients were classified as being elderly (≥65 years) and
61 as non-elderly (< 65 years). The 38 elderly patients in-
cluded 16 men and 22 women (median age 72.9 years,
range 65–86 years). Table 1 shows the comparisons of
clinical characteristics, laboratory findings and neuroim-
aging features between the elderly and non-elderly
groups. Of the underlying conditions, diabetes mellitus
was the most common (23), followed by acquired im-
munodeficiency syndrome (AIDS) (12), hematologic dis-
orders (12), autoimmune disorders (10), liver cirrhosis
(9), malignancy (9), adrenal insufficiency (8) and chronic
obstructive pulmonary disease (5). With regards to the
clinical presentations, headache was the most common
(65), followed by fever (60), altered consciousness (49),
visual disturbance (16), seizures (15) and hearing impair-
ment (6).
With regards to the CSF data, the white blood cell

count ranged from 0 to 0.85 × 109/L (mean 0.14 × 109/L),
the glucose level ranged from 0.11 to 14.15mmol/L (mean
2.38mmol/L), the total protein level ranged from 0.06 to
26.26 g/L (mean 1.91 g/L), and the lactate level ranged from
1.44 to 28.97mmol/L (mean 5.29mmol/L). Thirty-eight of
the 99 patients had a CSF cryptococcal Ag titer ≥1:1024,
and a positive India ink stain was found in 31 patients. A
serum cryptococcal Ag titer ≥1:1024 was found in 34 pa-
tients. Positive CSF and blood cultures of C. neoformans
were found in 77 and 30 of the 99 patients, respectively.
The main neuroimaging features (Fig. 2) of the 99 patients
included basal meningeal enhancement (34), hydrocephalus
(33), pseudocyst/Virchow-Robin space dilatation (32), re-
cent cerebral infarction (14), and cryptococcoma (6).There
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Fig. 2 The main magnetic resonance imaging features of the elderly patients with cryptococcal meningitis. a: Gadolinium contrast-enhanced T1-
weighted image (T1WI) showing basal meningeal enhancement (arrow). b: T2-weighted magnetic resonance image (T2WI) showing pseudocysts
(arrow). c: T1WI showing ventricular dilatation. d: Diffusion-weighted image showing a recent cerebral infarct at the right pons (arrow). e: T2WI
showing cryptococcoma (arrow)
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were significant differences in gender, diabetes mellitus,
chronic obstructive pulmonary disease, adrenal insuffi-
ciency, headache, altered consciousness, visual disturbance,
positive CSF culture result, and the presence of recent cere-
bral infarction between the elderly and non-elderly groups
(Table 1). After multivariate logistic regression analysis,
gender (p = 0.004; 95% CI = 0.019–0.479; OR = 0.095 for
male gender), altered consciousness (p = 0.010; 95% CI =
1.621–38.161; OR = 7.865) and recent cerebral infarction
(p = 0.012; 95% CI = 2.162–472.854; OR = 31.973) remained
significant factors. Despite treatment, 14 of the 38 eld-
erly patients died. Table 2 shows comparisons of the
prognostic factors between the survivors (n = 24) and
non-survivors (n = 14). There was only a significant dif-
ference in the presence of cryptococcemia between
these two groups.
Discussion
In 2018, more than 14% of the 23 million people in
Taiwan were ≥ 65 years of age, and more people were
aged ≥65 years than < 15 years, meaning that Taiwan has
become an aged society [14]. In this study, 38.4% (38/99)
of the adult patients with CM were elderly (≥ 65 years),
indicating that this age group were more vulnerable to
CM. This epidemiologic significance has not been re-
ported in other Asian countries with an aged society or
Western countries such as the United States [15–19].
In the current study, headache, fever and altered con-
sciousness were the main clinical presentations of the 38
elderly patients with CM. These clinical presentations
were similar to those of the non-elderly adults with CM
(Table 1), and to both elderly and non-elderly adults
with acute bacterial meningitis [5, 20]. Therefore, it is
difficult to differentiate the exact type of meningitis if
only the clinical presentations are considered. To avoid
a missed or delayed diagnosis of CM in the elderly,
keeping this specific infectious syndrome in mind and
conducting appropriate studies for CNS infections are
needed, especially in elderly patients with altered con-
sciousness and/or headache and/or fever.
In this study, gender, altered consciousness and recent

cerebral infarction were significantly different between
the elderly and non-elderly groups. Although the sample
size was not large and few variables were considered for
the multivariate logistic regression analysis, based on the
stepwise procedures, only three variables were selected
as important predictive variables. Therefore, the max-
imum likelihood estimates of the coefficients were valid
in the analysis.
In Taiwan, the retirement age is 65 years [21]. Previous

studies have reported that more males are affected by
cryptococcosis than females, and this disparity is seen in
both HIV-positive and HIV-negative patients with crypto-
coccal infections [22]. We also reported the same male
predominance in CM patients in our previous study [8],



Table 2 The prognostic factors of the 38 elderly patients with
cryptococcal meningitis

Survivors
(n = 24)

Non-survivors
(n = 14)

p-value

Gender

Male 11 5

Female 13 9 0.542

Underlying disease

AIDS 0 1 0.368

Diabetes mellitus 9 6 0.744

Liver cirrhosis 1 2 0.542

Hematologic disorders 4 1 0.633

Autoimmune disorders 1 2 0.542

Malignancy 3 3 0.650

Chronic obstructive pulmonary
disease

1 4 0.052

Adrenal insufficiency 3 4 0.387

Immunocompromised state 7 10 0.011

Initial presentation

Headache 11 6 0.859

Altered consciousness 17 12 0.438

Fever 11 10 0.126

Seizure 4 2 1.000

Visual disturbance 1 0 1.000

Hearing impairment 0 1 0.368

Cerebrospinal fluid data

White blood cell count (109/L) 0.09 0.09 0.950

Glucose (mmol/L) 2.77 3.21 0.664

Protein (g/L) 2.65 2.32 0.835

Lactate (mmol/L) 5.36 5.34 0.982

Positive India ink stain 3 6 0.050

Cryptococcal Ag titer (≥1024) 5 7 0.071

Positive culture result 16 10 0.711

Serum cryptococcal antigen
titer (≥1024)

5 7 0.130

Cryptococcemia 2 7 0.006

Extraneural involvement 3 2 1.000

Image finding

Basal meningeal enhancement 8 4 1.000

Pseudocyst/VR space dilatation 10 4 0.365

Hydrocephalus 9 6 0.823

Recent cerebral infarction 5 6 0.268

Cryptococcoma 1 0 1.000

AIDS acquired immunodeficiency syndrome, Ag antigen, VR Virchow-Robin
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and a study from China also reported similar findings
[15]. However, in the present study, there was a significant
difference in gender between the elderly and non-elderly
groups, with more females in the elderly group (57.9%,
22/38) and more males in the non-elderly group (78.7%,
48/61). Although a sex difference in the genetic architec-
ture of susceptibility to C. neoformans infection was re-
ported in an animal study [23], this difference has not
been reported in clinical studies of elderly patients with
CM. Altered consciousness as the initial presentation in
CM is known to be an important prognostic factor for this
serious infectious disease [11]. In the current study,
significantly more of the elderly group had altered
consciousness as the initial presentation compared to
the non-elderly group (p < 0.001) and the patients with
CM overall in our previous study [8]. Cerebral infarc-
tion is an important but frequently ignored finding in
CM [8, 24], and it is also a significant prognostic factor of
this serious infectious disease. In this study, the presence
of cerebral infarction was a significant clinical feature in
the elderly group. With the increasing size of the elderly
population and evolving neuroimaging technology, silent
cerebral infarction has garnered a lot of attention [25].The
prevalence of cerebral infarction in the elderly population
is known to increase steadily with age, and well-known
cardiovascular risk factors and the metabolic syndrome
are also important risk factors for the development of
cerebral infarction in the elderly [25]. Our previous study
revealed that old age was a significant factor for the devel-
opment of cerebral infarction in CM patients [26]. In
addition to age, many other factors may also play a role in
the disturbance of cerebral hemodynamics and the subse-
quent development of cerebral infarction in patients with
CM [24, 26], in which obvious basal meningeal enhance-
ment as shown in brain MRI may play a significant role
[8, 24, 26]. Increased basal meningeal enhancement is an
important finding in brain MRI and confirms that inflam-
matory reactions are most intense in the basal meninges
of patients with CM [8, 24, 26], and that local lenticu-
lostriate and thalamoperforating arterioles are affected by
such inflammatory processes with the subsequent devel-
opment of cerebral infarction.
Among the 38 elderly patients with CM, 14 died dur-

ing the therapeutic course, for a high mortality rate of
36.8%. As shown in Table 2, the presence of cryptococ-
cemia was a significant prognostic factor for this specific
group of patients, and it was present in 50% (7/14) of
the non-survivors and 8.3% (2/24) of the survivors. The
presence of cryptococcemia is a serious infectious condi-
tion, and patients with cryptococcemia have been re-
ported to have a grave prognosis [27–29]. Therefore,
CM patients with concomitant C. neoformans blood-
stream infections should receive more aggressive and ad-
equate treatment [28, 29].

Conclusions
This preliminary study of CM in elderly patients re-
vealed that 38.4% of the adult patients with CM were
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elderly, suggesting that the elderly are more vulnerable
to the development of CM, at least in Taiwan. There
were significantly more female patients in the elderly
group with CM, and more male patients in the
non-elderly group with CM. Beside the gender differ-
ence, the elderly group had significantly higher incidence
rates of altered consciousness and cerebral infarction as
the clinical presentations. The mortality rate of the eld-
erly patients with CM was high in this study, and the
presence of cryptococcemia was an important prognostic
factor for this specific group of patients. This study is
limited by the small number of patients, and further
large-scale studies are needed to better delineate this
specific infectious syndrome.

Abbreviations
CM: Cryptococcal meningitis; CSF: Cerebrospinal fluid

Acknowledgements
Not applicable.

Funding
None.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Authors’ contributions
All authors have read and approved the submitted manuscript. WCT
contributed to the conception and design, data acquisition and analysis, and
drafting and revision of the manuscript. CYL, JJL, WCH, CRH, NWT, CCC and
CHL contributed to the conception and design, and clinical data analysis.
WNC contributed to the conception and design, data analysis, and critical
revision and final approval of the manuscript.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Kaohsiung Chang
Gung Memorial Hospital (IRB No:1608300002). The need for informed
consent of all the enrolled subjects was waived due to the retrospective
nature of this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Neurology, Chang Gung Memorial Hospital-Kaohsiung,
Chang Gung University College of Medicine, 123, Ta Pei Road, Niao Sung
Hsiang, Kaohsiung, Taiwan. 2Department of Information Management,
National Sun Yat-sen University, Kaohsiung, Taiwan.

Received: 28 December 2018 Accepted: 19 March 2019

References
1. Werner H, Kuntsche J. Infection in the elderly-what is different? Z Gerontol

Geriatr. 2000;33:350–6.
2. Liang SY, Mackowiak PA. Infections in the elderly. Clin Geriatr Med. 2007;23:

441–56.
3. Mehta JB, Dutt AK. Epidemiology and host factors. Microbiol Spectr. 2016;4:
10.1128.

4. Safdieh JE, Mead PA, Sepkowitz KA, Kiehn TE, Abrey LE. Bacterial and fungal
meningitis in patients with cancer. Neurology. 2008;70:943–7.

5. Lai WA, Chen SF, Tsai NW, Chang CC, Chang WN, Lu CH, et al. Clinical
characteristics and prognosis of acute bacterial meningitis in elderly
patients over 65: a hospital-based study. BMC Geriatr. 2011;11:91.

6. Fitch MT, van de Beek D. Emergency diagnosis and treatment of adult
meningitis. Lancet Infect Dis. 2007;7:191–200.

7. Nau R, Djukic M, Spreer A, Ribes S, Eiffert H. Bacterial meningitis: an update
of new treatment options. Expert Rev Anti-Infect Ther. 2015;13:1401–23.

8. Tsai WC, Lien CY, Lee JJ, Lin WC, Hsu CW, Huang CR, et al. The prognostic
factors of HIV-negative adult cryptococcal meningitis with a focus on cranial
MRI-based neuroimaging findings. J ClinNeurosci. 2018;55:57–61.

9. Lin YY, Shiau S, Fang CT. Risk factors for invasive Cryptococcus neoformans
diseases: a case-control study. PLoS One. 2015;10:e0119090.

10. Thakur KT, Wilson MR. Chronic meningitis. Continuum. 2018;4:1298–326.
11. Lu CH, Chang WN, Chang HW, Chuang YC. The prognostic factors of

cryptococcal meningitis in HIV-negative patients. J Hosp Infect. 1999;42:313–20.
12. Perfect JR, Dismukes WE, Dromer F, Goldman DL, Graybill JR, Hamill J, et al.

Clinical practice guidelines for the management of cryptococcal disease:
2010 update by the infectious society of America. Clin Infect Dis. 2010;50:
291–322.

13. Rubin LG, Levin MJ, Ljungman P, Davies EG, Avery R, Tomblyn M, et al. 2013
IDSA clinical practice guideline for vaccination of the immunocompromised
host. Clin Infect Dis. 2014;58:e44–e100.

14. Department of Statistics, Ministry of the Interior, Executive Yuan, Taiwan
[https://www.moi.gov.tw/chi/chi_site/stat/chart.aspx?ChartID=S0101].
Accessed 22 Mar 2019.

15. Fang W, Fa Z, Liao W. Epidemiology of Cryptococcus and cryptococcosis in
China. Fungal Genet Biol. 2015;78:7–15.

16. Mon T, Ebe T. Analysis of cases of central nervous system fungal infections
reported in Japan between January 1979 and June 1989. Intern Med.
1992;31:174–9.

17. Huh K, Ha YE, Denning DW, Peck KR. Serious fungal infections in Korea. Eur
J Microbiol Infect Dis. 2017;36:957–63.

18. Abhilash KP, Mitra S, Arul JJ, Raj PM, Balaji V, Kannanqai R, et al. Changing
paradigm of cryptococcal meningitis: an eight-year experience from a
tertiary hospital in South India. Indian J Med Microbiol. 2015;33:25–9.

19. Charalambous LT, Premji A, Tybout C, Hunt A, Cutshaw D, Elsamadicy AA,
et al. Prevalence, healthcare resource utilization and overall burden of
fungal meningitis in the United States. J Med Microbiol. 2018;67:215–27.

20. Lien CY, Huang CR, Tsai WC, Hsu CW, Tsai NW, Chang CC, et al.
Epidemiologic trend of adult bacterial meningitis in southern Taiwan
(2006-2015). J Clin Neurosci. 2017;42:59–65.

21. Ministry of Labor, Executive Yan, Taiwan [https://www.mol.gov.tw/topic/
3078/3302/25656/]. Accessed 22 Mar 2019.

22. Guess TE, Rosen JA, McClelland EE. An overview of sex bias in C.
Neoformans infections. J Fungi (Basel). 2018;4:49.

23. Carroll SF, Loredo Osti JC, Guillot L, Morqan K, Qureshi ST. Sex differences in
the genetic architecture of susceptibility to Cryptococcus neoformans
pulmonary infection. Genes Immun. 2008;9:536–45.

24. Chang WN, Lu CH, Chang HW, Lui CC, Tsai NW, Huang CR, et al. Time
course of cerebrohemodynamics in cryptococcal meningitis in HIV-negative
adults. Eur J Neurol. 2007;14:770–6.

25. Lim JS, Kwon HM. Risk of silent stroke in patients older than 60 years: risk
assessment and clinical perspectives. Clin Interv Aging. 2010;5:239–51.

26. Chen SF, Lu CH, Lui CC, Huang CR, Chuang YC, Tan TY, et al. Acute/subacute
cerebral infarction (ASCI) in HIV-negative adults with cryptococcal
meningoencephalitis (CM): a MRI-based follow-up study and a clinical
comparison to HIV-negative CM adults without ASCI. BMC Neurol. 2011;11:12.

27. Pasqualotto AC, Bittencourt Severo C, de Mattos Oliveira F, Severo LC.
Cryptococcemia. An analysis of 28 cases with emphasis on the clinical
outcome and its etiologic agent. Rev IberoamMicol. 2004;21:143–6.

28. Perfect JR, Durack DT, Gallis HA. Cryptococcemia. Medicine (Baltimore).
1983;62:98–109.

29. Chen CH, Sy HN, Lin LJ, Yen HC, Wang SH, Chen WL, et al. Epidemiological
characteristics and prognostic factors in patients with confirmed cerebral
cryptococcosis in Central Taiwan. J Venom Anim Incl Trop Dis. 2015;12, 21.

https://www.moi.gov.tw/chi/chi_site/stat/chart.aspx?ChartID=S0101
https://www.mol.gov.tw/topic/3078/3302/25656/
https://www.mol.gov.tw/topic/3078/3302/25656/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

