
SCOTTISH HOSPITALS INQUIRY 

Bundle of documents for Oral hearings 
commencing from 19 August 2024 in 

relation to the Queen Elizabeth University 
Hospital and the Royal Hospital for 

Children, Glasgow 

Bundle 24 – Documents referred to in the 
Expert Report By Allan Bennett regarding 

Cryptococcus, and Supporting 
Documentation 

Volume 4 

This document may contain Protected Material within the terms of Restriction Order 
1 made by the Chair of the Scottish Hospitals Inquiry and dated 26 August 2021. 
Anyone in receipt of this document should familiarise themselves with the terms of 
that Restriction Order as regards the use that may be made of this material. 

The terms of that restriction order are published on the Inquiry website. 

~ SCOTTISH 
HOSPITALS 
INQUIRY 

A49847112

https://hospitalsinquiry.scot/sites/default/files/2021-08/Restriction%20Order%201%20-%20material%20released%20by%20the%20Inquiry%20-%20as%20published.pdf
https://hospitalsinquiry.scot/sites/default/files/2021-08/Restriction%20Order%201%20-%20material%20released%20by%20the%20Inquiry%20-%20as%20published.pdf


Table of Contents 

1 A49642999 Lamagni, T. L., et al. "Emerging trends in the epidemiology 
of invasive mycoses in England and Wales (1990–9)." 
Epidemiology & Infection 126.3 (2001): 397-414. 

Page 4 

2 A48379354 Haag-Wackernagel, Daniel, and Holger Moch. "Health 
hazards posed by feral pigeons." Journal of Infection 48.4 
(2004): 307-313. 

Page 22 

3 A49776504 Nalintya E, Kiggundu R, Meya D. Evolution of Cryptococcal 
Antigen Testing: What is new? Curr Fungal Infect Rep. 2016 
Jun;10(2):62-67. 

Page 29 

4 A49776502 Chang, C. C., Harrison, T. S., Bicanic, T. A., 
Chayakulkeeree, M., Sorrell, T. C., Warris, A., ... & Perfect, 
J. R. (2024). Global guideline for the diagnosis and 
management of cryptococcosis: an initiative of the ECMM 
and ISHAM in cooperation with the ASM. The Lancet 
Infectious Diseases. 

Page 39 

5 A49776505 Maziarz EK, Perfect JR. Cryptococcosis. Infect Dis Clin 
North Am. 2016 Mar;30(1):179-206. 

Page 57 

6 A49776506 Misra A, Yetmar ZA, Milone AA, Ruefthaler LA, Wengenack 
NL, Vergidis P, Theel ES. The Brief Case: the Cryptic 
Cryptococcus. J Clin Microbiol. 2023 Feb 22;61(2) 

Page 90 

7 A49643002 WHO fungal priority pathogens list to guide research, 
development and public health action. Geneva: World 
Health Organization; 2022. 

Page 97 

8 A48089427 Pegorie, Matthew, David W. Denning, and William Welfare. 
"Estimating the burden of invasive and serious fungal 
disease in the United Kingdom." Journal of Infection 74.1 
(2017): 60-71. 

Page 145 

9 A49642998 Garcia-Hermoso D, Janbon G, Dromer F. 1999. 
Epidemiological Evidence for Dormant Cryptococcus 
neoformans Infection. J Clin Microbiol 37 

Page 170 

~ SCOTTISH 
HOSPITALS 
INQUIRY 

A49847112



10 A49643001 David B. Meya and %A Peter R. Williamson (2024). 
Cryptococcal Disease in Diverse Hosts. New England 
Journal of Medicine 390 1597-1610 
 

Page 176 

11 A49776503 Aiken Dao, Hannah Yejin Kim, Katherine Garnham, Sarah 
Kidd, Hatim Sati, John Perfect, Tania C Sorrell, Thomas 
Harrison, Volker Rickerts, Valeria Gigante, Ana Alastruey-
Izquierdo, Jan-Willem Alffenaar, C Orla Morrissey, Sharon 
C-A Chen, Justin Beardsley, Cryptococcosis—a systematic 
review to inform the World Health Organization Fungal 
Priority Pathogens List, Medical Mycology, Volume 62, Issue 
6, June 2024,  
 

Page 190 

 

A49847112



���������	
����	������������������	��� !"#� !$"% �!"#&� '#() * ����+,)-��#'"% �."�/�!0��"//1234567584379:678;33<69326=>=5?=@67AB:6A32?C=:3:67175>B79B79DB>3:E�FFGHFIJ	K	KLMLNOPQR�S	N	TULOVQ�M	VWPNTMLJV%QXYZT	M	[\WOV\O]Q̂ 
_`abcc�d�e���fg���h��ij��c�e�ie�ahkd����i��g���k�flhj��̂ �i��mnij�ki��koa�kd��fpqg�����i��rd��h�fn�����stuv�wfxy]zo���{o|���k���nij�ki��koflhj��̂ �i��mnij�ki��kofzok���|�i�fy��{e��}�f~k�e���~a���nfxy�r�����v��jkhiko���q��������P .,/�."�� ',�� �"�!�( /,�"-"�()� ', � ��",/� '��-���$",�!$��(-�")(�� '!(!$"'�(�!$�  �)-"�/(�/�/�"�!�-�"� #�.�#�,�/	�"/��!"!$�/�!$"��(��"(�)0�(/"/�"),� /�(�, #!$"�"�/ (/��."���, �"/0/!")/�"����!(�� ',�� �"�!�( /����" !�0"��/!� '� T '�, #, #�,�"/	�", ,�0/"#�,-(�,!(�0�"�(�!/(�#""��/",!"#)0�(/"/),#"!(!$"+())� ��,-�"��/",/"V��."���, �"+" !�"-"!�"" ����, #������()T '�, #, #�,�"/	L/�-/!, !�,���/"� �, #�#(/�/�,//"" #��� '!$�/�"��(#������������"�(�!/�"�)����( �(���,!�( �0",����,�!����,��0� !$"(�#"�,'"'�(��/	�,!"/(���0�!(�(��(/�/� ),�"/���!�,!"#(."�!$"#"�,#"-�!�"��(."�,�������������"�)����( �(���,!�( �0",����$"�",/�,!"/(��"),�"�,/"/'�,#�,��0�(/"��� !�����������������"�)����( �(���,!�( �0",��	�"�(�!/(�l��h��oe��eik����� )" �"#��"#/�-/!, !�,��0-"!�"" ����, #���������������"�)����( �(���,!�( �0",��-�!/$(�"#��!!�"�$, '"� �()" 	�"�(�!/(�,/�"�'���(/�/���!�,!"#��� !�������,�!"��$��$�"�(�!/(�),�", #�"),�"�,/"/�(/"/�-/!, !�,��0���()�����(�-(!$� ����!(����, #�����"�)����( �(���,!�( �0",�� �����(�),�"/, #�"),�"/�"/�"�!�."�0���,�'"�0,��(� !"#�(�-0�$, '"/� �"�(�!� '��,�!��"��()( "�,-(�,!(�0	�,!"/(�� .,/�.")0�(/"/�"�"'" "�,��0$�'$"�� ),�"/!$, �"),�"/���!$(."�,��),�"�!(��"),�"�,!"�,!�(/(��������� +P�����������(��, #�#(/�/��������� +P�����������(�,/�"�'���(/�/��������� +P�����������(���0�!(�(��(/�/, #�������� +P�����������(�l��h��oe��eik����	J$"$�'$"�),�"!$, �"),�"�,!"/(��"�(�!/�/���"�0!(-",�,�!�,��"�"�!�( (�WPU"��#")�(�('0� T '�, #, #�,�"/�,�!$(�'$!$�/#("/ (!����0"���,� !$"�,!�(� � �, !/, #(�#"�,'"'�(��/	K,��(�� �(�),!�( ( � #"��0� '��"#�/�(/�!�( ��"." !/���!$"��#" !���,!�( (���/�'�(��/,�"�!"#	�$��/!/�-/!, !�,�� #"���"�(�!� '(�l��h��oe��eik����, #gko����he/�"��"/�,/,��,�" !��( /�#"�,-�" �)-"�/(�/��"����,�)0�(/"/�"�")�/��"�(�!"#� #��,!� ', ""#�(���,����,!�( (��"�(�!� ''��#"�� "/	T�(�!/!(" $, �"�()��"$" /�."�,-(�,!(�0�"�(�!� '/$(��#-"� #"�!,�" !(),��)��"!$"�!���!0(�!$�/,���(,�$�(�/��."���, �"(�#""��/",!"#�� ',�� �"�!�( /	� ¡�¢£�¤¡�¢ ¥� ',�� �"�!�( /,�"-"�()� ', � ��",/� '�0�)��(�!, !�,�/"(�)(�-�#�!0, #)(�!,��!0� ), 0�(� !��"/¦���§	L�!$(�'$/()"�� ',�/�"��"/�()�RL�!$(��(��(��"/�( #" �"	 )( �0"��/!,/$,�)�"//�(�( ��"�/(�.,��(�/-(#��0/�!"/¦�§�!$"0,�",�/(�"/�( /�-�"�(�,.,/!,��,0(���� ��,��( #�!�( /��, '� '��()#"�),!(�('��,��()���,� !/!(���"�!$�",!" � '/0/!")��#�/",/"	P .,/�.")0�(/"/,�",�,�!����,���(-�") � $(/��!,�/"!!� '/�$"�"#�/!� �!$(/!, #" .��( �

Page 4

A49847112A49847112



��� ��������	
��
��������
�����������������������
��������
������
�����
����
	�������������
����
����
���
��
����
����
�
����������������
���
�������������������������
�����
�	��������������� �������
	���
�����
������	�
�������
�	�
��!���
��������������
�����
��������
��������������������"�#����
������������	���������
�������������$�
����%&'(�)
������
	���������
��������
������������"������������������
����
�������������
����������������������������������
�����
�����������������
������������������
�������!�����������������������
����������
���������	��������������
���������
�������������
��&*(�+
��������
	���
�����
������,�����������
���
��	������������������������������������-�.*'/ ����
������&0��(�
�-�.�'/ ��������	������&��-1(�������
��������+
���������������
��������		���������������
�����
��������
�����
2�����	�����������	�������������
	��������������"�
	�
�����"���
����
����
&--(�����
����
���
��������
	���
�����
����
�����������������31��������
����������
�������
	��������	�
���
�"���������
������
	��������
������������������
���
��
�����������������
�����
	�������������	�������������������
��&-3.-4(����������"������������
��
��������5�����	��	������������
	�
���
	��
������
����
�����
��"������#����������������
	�����#�������
����	���&-'�-*(�6�
��������
��������
	�������"�����������		��������������������	���
�������
	���������������������
������
�����
��7�	�
���
�����
����
 �� ��� �����
	 ��� ���
�
����������
	���"������������
�������������������8���������������
�
������������
	�������
	�
�"	������	�������������������
������
��������+9�������������������������	�����
���������"���������������
������������
��
�������������
�������������
��������������������������
������
�����
�������
������������
��
�������
�����
�
:
	��
����
	�������"����"�������������
�����
�������������;�8�
������
��<��1�����
��������&-0(�+
��������������������������������
	���������������=���
 ������
	���	�
����������
�
���
��
����
����
�
����
���
��������������������������
��
��
�����
���5�����
������,�������>?@ABCDEFGHF�
�IJEKGC�

DCDDAF���������
��
�����
���������������
	�����������
��������� ����������
��
�����
�� ������������
������
������
��������
����������������7�����������
�����������������������
�
�����
��
��5������
��L������������������������
�����
�������
����������������
	����������
���	��������������
�����������
���
�����
���������������8��������
����������
:
	��
��
�M����������������������������	���������
����
	���������� ������
�����
��N�������������������������
�������������������
��������	
�O���
���
	���
�����
���������P��86����
������N������8��������
��6�
���$6N86%���������������	���:
	��
��
�M��������
������������6N86����������������
	���
�����
��
"��������	�
���������
�������$�"�����������
���	
������
��	�
������
�������������������%&-�(�Q���������>?@ABCDEFGHFDRJH?HH�������������	������������������������
�+
���������"����������������������
�
�������������"��������������
	��������
��"�����������������������������������	���
��������
	���
�����
�
:
	��
��
�M�����STUVWXYZ��������
	���
�����
�����������6N86����������	������������
:
	��
��
�M�������"��
-��1�
�-���"��������"���Z�����"�������������
����������	����68���
��"�#��
����������$6NZ���3�
���������	�
���������
����%�7
	�
	����#�"��������������6N86������������������
��������Q���#���������
������	
�O��
�����������������"�������������5���
���
�������������������
�
����
���
"�������	�
�����������8������
�����"���	�����������
	�������
�����
$���[5%�+�����
����
	������������������"�
	����	����
	�"���
���������
������������������
�����
\��
����
�����������2�	�
���������
�������!����2����
���$�5������IR?]H]R����%2���$�5������ F̂K@J_H̀̀AF����%2������$�5������IR?]H]R����%�+�����
��abHcCBADCJ�
�abHcCKAF���������� �����"����
�����������������������"�������
����������!����
��������������+�����
��IR?]H]R��������������
���������������"���������������
	��
�������
������
������	
�O��
���������"������	���
��
����������
����
�
�������������
������Q����	����������!����
	�������
����

Page 5

A49847112A49847112



����������	
�
��
��
����������������������	��
�	 ��!�"�	
���
�#	�!�!�#$� %�
 !�
�!&�"��$� ��' ����� (!��
�) 	��"��
� 	��"�*"	��+ ,"��
�!$- ��" "�. /�
	 �"!	
�!$0 /�� !�	
 �� 	
��
��
�!�� �1 �$��� 2���!!���	!� �!$ !�� �� ��!��� �"!�	����&	����' �"3�" �
��"��� %" �
��"�	
4�� 	�
)	��� 	�
��45�6�789::;�4!��3����" "!��<�!��	�	�!$�����	
 #	�	
�� �!�	
� ��� ���!$�� #	��!��
	��	�&�!$�	=�"  �	��� �4!��3���3" 	�������
��
 ��	
�
 > #�!�4�!�����	 	&��" "!�	�
� �!��4�4	
4�� 	�
�?� #�!	��� 	�
�<�!���
�	��!�� �!�*�� �"��!@�	��!�"3�" �
��"�	
4�� 	�
�A#	�	
�"���	��� 	�
��45�6�789::;�����	��4!�� #���!)<#	�#��$!��!���
 �	�
	@��
 ��!3	�	 $3" ��
� !��!���
 ����B��� ���!	
&��	&��	������C���! �<	 #	��� 	�
�4!����!� #�
�
��	 �<�!����	�
������!�	
� � #���� 	
&��	&��	 ��������4�!#	�!�!�#	���!��!	
��4�	 ����D"
��	
4�� 	�
!���! �<�!��
�$���3$$��!�4!���! )<	 #4"! #�!�
�$���3$���)����
�!��	�
4�!5�6�789::;�)EFGH9HF)E7�6I�����;��
�JG�;K�B���I9�����	����� #� �
��!�	L���	
	������!	� 	�
��
�4!��B �� �	
	�������
 ��������
$	
�!���! �<�!�����	
��4�!	M�$�	
	���	�
	@��
���
�	
4�!�� 	�
 �
 �!��	����	 	�
�  � 	
4�� 	�
�C���! 	
�!� ��<�!����"� ��"�	
��	�B$��!!��	B��
 ���"� 	�
�� 	�� ��4�!���#��!!����
�	
�$��!)����
���
��!�!�"�	
�	
���#NO�!��	�
��=���(=��4�!N� 	�
�� � 	� 	��P,��"� 	�
�� 	�� ��2
	 )"
�"3	�#���� ���C��	�
����"B� 	�
 �� 	�� ��<�!�"
�&�	�3�4�!�����
� #�!�4�!� �"3� 	 " �� <	 # ���� ���"� 	�
��
��	
� �!��C� �!� 	���
� ���� ��
@��
��	
 �!&��<�!����"� ��"�	
�� � 	� 	����4 <�!��� � �%�!�������QIFIFQIFI9�I9�F:Q�RISF7�TU�:�F��VWX�%����� � 	�
)AYP� � �%�!��!� 	�
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Fig. 2. Annual rates of aspergi ll osis laboratory reports, by sex (England and Wales : 1990- 9). 

Annua l rates of aspergi llosis by age group and sex 
are given in Figure 1. Age-specific rates of aspergi llosis 
were highest for males in those 65 and over and for 
females in infants under I year. Rates were higher in 
males than females overall (rate ratio = I ·30, 95 % Cl 
1 ·05- 1 ·60), and in all age groups except in infants 
under I year. Only in the over 65 age group did this 
reach statistical significance (2·0 I and 1 · 11 per mill ion 
per year for males and females respectively; rate 
ratio = l ·82, 95 % Cl l ·25- 2·65). 

Regional yearly rates of all aspergillosis reported 
between 1990 and 1999 showed considerable vari
ation, ranging from 0·03 (Wales) to 3·74 (North West) 
per million population per year (Table 3). Reports 
from the North West rose substantially in 1997, from 
I or 2 annual reports between 1990 and 1996 to 77 
received in 1997, 93 in 1998 and 68 in 1999. Of the 280 
aspergillosis reports received between 1997 and 1999, 
169 originated from one laboratory. 

Yearly changes in numbers of reports per million 
population are shown in Figure 2. Rates of reported 
aspergillosis in males and females remained between 
0·08 and 0·80 per mi ll ion between 1990 and 1996, after 
which reports rose to reach 1 ·92 and 1 ·69 per million 
respectively, mainly accounted for by the change in 
numbers of reports from one laboratory. 

Candidosis 

A total of 6902 laboratory reports of Candida species 
were received by CDSC between 1990 and 1999 
(Table 1). Of these, 1745 did not meet our criteria for 
invasive disease and were excluded from further 
analysis. The majority (1108) of these exclusions were 

isolations from sites commonly colonized by Candida 
species or tho ught to reflect superficial or sub
cutaneous infection: gastrointestinal/anorectal sites 
(356) , subcutaneous/cutaneous (307) , ear (24 1 ), 
genitourinary sites (112), upper respiratory tract (50) , 
surgical devices (16), eyes (15), pulmonary sites (11 ). 
Specimen information was missing from 118 reports. 
A further 519 reports were isolated from sputum 
specimens and therefore excluded as yeasts are a rare 
cause of pulmonary infection and the diagnosis is 
histological. 

Reports of systemic candidosis formed over three
quarters (5157 / 6541) of all invasive mycoses reported 
to CDSC between 1990 and 1999 (Table 2) . C. 
albicans was isolated in most (60 % ; 3104) of the 
candidosis reports, with substantial reports of C. 
parapsilosis (545) and C. (Torulopsis) glabrata (484) 
also being received. Other causative agents reported 
were C. tropicalis (195), C. krusei (78), C. guillermondi 
(33), C. lusitaniae (17), C. famata (22), C. kefy r (9), C. 
inconspicua (6) , C. lipolitica (2) and one case each of 
C. ciferrii, C. pelliculosa, C. norvegensis, C. humicola 
and C. rugosa. Thirteen percent (657) were recorded 
as unnamed Candida species. The proportion of 
candidosis reports with C. albicans as the underlying 
agent showed Ii ttle change between 1990 and 1999. 
Little variation was seen in the species distribution 
between males and females. Although C. albicans was 
the most commonly reported species across all age 
groups, distribution of other species varied across age 
groups. Nearly a quarter (23 % ; 172/ 757) of a ll 
paediatric (less than 15 years) candidosis cases were 
caused by C. parapsilosis, compared to only 9 % 
(353 / 4144) of adult cases. Conversely, adult cases of 
candidosis showed higher proportions C. glabrata 
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Fig. 4. Annual rates of candidosis laboratory reports , by sex (England and Wales: 1990- 9). 
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Fig. 5. Age-specific annual rates of candidosis laboratory reports (England and Wales: 1990-9). 

1 year of age) . Of these, a third (478) indicated that 
patients were immunocompromised (21 % in under 
ones; 24/ 117), with use of intravenous catheters 
mentioned in 186 of these (12 of under ones). Use of 
intravenous catheters was mentioned in a further 918 
cases (78 of the under ones). Additional free-text 
comments were recorded in 240 1 reports (252 of under 
ones). Of these, 130 patients were noted as receiving 
total parenteral nutrition. Other predisposing factors 
noted included preterm birth (135 cases), pancreatitis 
(83), leukaemia (59), leucopenia (29), pancytopenia 
(2) , neoplasms ( 49), cystic fibrosis (36), diabetes (31) 
and Whipple's disease (13). Four-hundred and eighty 
patients developed candidosis fo llowing invasive sur
gical procedures and a further 27 subsequent to solid 
organ or tissue transplant. Fifteen post burns cases 
were also reported . 

Annual rates of candidosis reports by age and sex 
are shown in Figure 3. Highest rates were observed in 
infants under 1 year of age, 76-0 and 55·5 cases per 
million population per year for males and females 
respectively (rate ratio= 1·37, 95% Cl 1·13- 1·67). 
The majority of candidosis cases in infants occurred in 
those under 1 month old (58 % ; 260/446). Annual 
rates in age groups between 1 and 4 and 15 and 44 
were less than I O per mill ion per year for males and 
fema les. Rates of reports were higher in males than 
females in most age bands, especially in those aged 65 
plus, where rates in men were twice those in women 
(31 ·5 and 15·1 per mi llion ; rate ratio= 2·08, 95% CJ 
l ·89- 2·29). 

Numbers of reports received from each region 
showed considerable variation (Table 4) . The lowest 
incidence was observed in the Eastern region (6-05 per 

Page 11

A49847112A49847112



��������	�
�����������������������
������������
������

 �!" �#�!" $#%!" ��#��!" �$#��!" �$#��!" �$&'()!(*+,-.)-+*/0!-)*!12332+4!-"*0 ���
��� 563)7)163)

89:;<;=�>��?@ABCD>?A?AA?�
���E?B�>?BCB�D?B>�FEC�������G���������������H�������IJ
��
?�D?DK��>
?�D�BC��B����>L�L
L��>
�>L�M?B>L���>��NO�PD�BJ
��
?�QC��B�IR��B�
?���L?S������B��B
��
�A���
�?�
�B�D?B>�E�>S��������������IR��K��B�D?B>
�B�>��@?BA���
�?�
��L?S���B
�
�>B���E�>S�������������TF@B?JUOVU>?��ON�D�BJ
��
?�D?DK��>
?�FS
>L��B?D
�����>?�NOV�D�BJ
��
?�I=�>��?@E?>LJ������@�J���A���
�?�
�B�D?B>�B?���KB
�>L
�D�B
?��W
I��I=�>��?@J���A����?K>�KJE�B��@�J����AB?��>L���>
B�D�B
?��B�>�B�>
?X�ONPF��Y Z[�OP���O���F
�A
���A�
�J����B��
�@B?J�NYL
L�B����U�>?��YL
L�B������>L��@�J����I\L�B
��
�A���
�?�
�B�D?B>�S������
�J?�>��B?KD��W
I����
��@B?J
�@��>�����>L���C��B?@��FS
>LB�>��
������?>L�BB?KD��>����>�?KE�
�E�>S�������������TI]̂_̀abcbccbd9de�>S��������������FPV�B�D?B>�?@
�f��
f�ABCD>?A?AA��
�@�A>
?�S�B�B�A�
f���\�E��P�FPUN?@SL
ALS�B�@K��C
���>
g����hIi	�j�klmi����?����hImnopqr�
�@�A>
?�Is��@?@B�D?B>��TNQ�VN�A�J�S
>L�AA?JD��C
�A�
�
A��A?JJ��>�
��
A�>
�D�>
��>�>?E�
JJK�?tA?JDB?J
���Iu���B�C
�s[v
�@�A>
?�S��w�?S�
��VA����Ix>L�BB�D?B>��K���B�C
�DB��
�D?�
�@�A>?B�
�A�K���L�D�>
>
�Z
�@�A>
?��PA���������
�E�>����A����IR������Gt�D�A
gA
�A
���A�?@ABCD>?A?AA?�
�B�D?B>��B��L?S�
�W
KB�UI=�>��S�B��?S
�AL
��B�����L
L��>
������C��B?���IyKE�>��>
���CL
L�BB�>��S�B�B�D?B>��@?BJ��>L��S?J���B�>�B�>
?XNO��F��YZ[PO�N��O�N?f�B����F@B?J�>
J��B��>�B
������C��B?����B�>�B�>
?XNO�VF��Y Z[PO����ON��F>?��B�>�B�>
?X�OTUF��YZ[PO�N���OVT�

���U>
J���B�>�B�>
?X�OT�F��Y Z[�OT��P�O���B��>�B
�>L?��������U����U�D�K�FB��D�A>
f��CI=�
?���B�D?B>
�B�>��?@ABCD>?A?AA?�
��B�
f��
�\�E���Is
L��>B�>��S�B�?E��Bf��
�z?��?���O�VD�BJ
��
?� D?DK��>
?� D�BC��B�IxK>�
��z?��?�F���K��B�>��B����@B?J�OP�
�\B��>>?�O�UD�BJ
��
?�
�>L�y?K>L���>IR��K����E?B�>?BCB�D?B>�?@ABCD>?A?AA��
�@�A>
?�S�B��KE�>��>
���CL
L�B
�J����>L��@�J����E�>S���������������W
IV�I=�>��?@J���ABCD>?A?AA?�
�@����KE�>��>
���CE�>S�������������VF@B?J�ONT>?�ON�D�BJ
��
?���>L?KL�L?S
����
L>B
���KE��{K��>�C>?�OUUD�BJ
��
?�
�����I=�>��
�S?J��
�AB�����E�>S�������������TF@B?J�O��>?�O��D�BJ
��
?�F��>L?KL@���
�
�����>?�O��D�BJ
��
?�I|}~�������������}���I�mkpipp
�@�A>
?�S��>L���A?��J?�>A?JJ?��CB�D?B>�����DJCA?�
�F���B�D?B>�S�B�B�A�
f��E�>S���������������\�E��P�Ixf�BL��@���Y�NPV�?@>L�
�@�A>
?��S�B���>�A>��>LB?KL�DK>KJ�D�A
J���FJ?�>?@>L�?>L�B����Y�PU��S�B��
��?���@B?J?>L�BDK�J?��BC�D�A
J���FUS�B���>�A>��@B?J E�??���JD�������@B?J E?��J�BB?SIx@>L�����I�mkpippB�D?B>�F���L���AA?JD��C
�A�
�
A��
�@?BJ�>
?�Ix��LK��B������
L>Ct��f����UY�S�B� ���AB
E�� ��
JJK�?A?JDB?J
���Iu���B�C
�s[v
�@�A>
?�S��DB����>
��T�D�>
��>�Ix>L�BA?��
>
?�����?A
�>��S
>L
JJK�?�KDDB���
?�J��>
?���
�A�K��?B��Q>
��K�>B���D���>���A�����F�CJDL?J��N�F��Kw��J
��P�F�����B��B��K�?tJ�>?�
��P�FAC�>
AgEB?�
����F��f�B�A?JE
���
JJK�� ��gA
��AC ��� ��� �C�>�J
A �KDK��BC>L�J�>?�K����I

-■ 

■ 

-

Page 12

A49847112A49847112



406 T. L. Lamagni and oth ers 

Table 5. Laboratory reports of cryptococcosis per million population*, by region (England and Wales: 
1990- 9) 

Year of report 

Region 1990 199 1 1992 1993 1994 1995 1996 1997 1998 

Eastern 
Number 2 I 2 0 2 I 4 I 1 
Rate 0·39 0·19 0·39 0·00 0·38 0·19 0·76 0·19 0·1 9 

London 
Number 16 19 14 14 14 2 1 10 8 14 
Rate 2·32 2·76 2·03 2·02 2·01 3-00 1-41 1·12 1·95 

North West 
Number 2 3 0 4 I 3 2 0 2 
Rate 0·3 1 0·46 0·00 0·62 0·15 0-46 0·3 1 0·00 0·3 1 

Northern and Yorkshire 
Number 0 4 0 I 0 2 2 0 2 
Ra te 0·00 0·62 0·00 0·15 0·00 0·31 0·31 0·00 .031 

South East 
Number 4 3 3 7 3 7 0 2 3 
Rate 0-48 0·36 0·36 0·84 0·36 0·83 0·00 0·23 0·35 

South West 
Number 0 2 7 3 4 0 2 
Ra te 0·2 1 0·00 0-42 1·47 0·63 0·83 0·2 1 0·00 0-41 

Trent 
Number 0 0 2 2 0 I 2 I 0 
Ra te 0·00 0·00 0·40 0·39 0·00 0·20 0·39 0·19 0·00 

Wales 
Number I 0 0 0 0 0 
Rate 0·35 0·00 0·00 0·34 0·00 0·00 0·34 0·34 0·00 

West Midlands 
Number 0 2 0 2 2 3 2 3 
Rate 0·19 0·00 0·38 0·00 0·38 0·38 0·56 0·38 0·56 

England and Wales 
Number 27 30 25 36 25 4 1 25 15 27 
Rate 0·53 0·59 0-49 0·70 0-48 0·79 0-48 0·29 0·51 

* Yearly regional population estimates used except for 1990 (199 1 population denominator used). 
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Fig. 7. Annual rates of cryptococcosis laboratory reports, by sex (England and Wales: 1990- 9). 
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Fig. 9. Annual rates of Pneumocystis carinii laboratory reports, by sex (England and Wales: 1990- 9). 

The age distribution of P. carinii reported infections 
in men and women is shown in Figure 8. Significantly 
higher rates of P. carinii were reported for men than 
women overall (rate ratio = 4·36, 95 % Cl 3-47- 5·53). 

Rates of paediatric P. carinii were similar in males and 
females , with the majority of reports being in infants 
less than I year old (2·06 and 2-48 per million 
population per year, respectively). Reporting rates 
remained below 0·30 per million per year up to age 14. 

Adult male and female cases differed markedly, with 
significantly higher rates in men than women observed 
in all adult age groups. In 15--44 year olds, rates of 
2·39 in men and 0-42 in women per million per year 
were reported (rate ratio= 5·75, 95% Cl 4·18- 8·07). 

The gender discrepancy in P. carinii reports was also 
seen in older age groups, rates in men were 5 times 
higher than in women in the 45- 64 year age range 
(rate ratio = 5· 13, 95 % Cl 2·98- 9·40), and 2 times 
higher in those aged 65 plus (rate ratio= 2·19, 95% 

Cl l · 12--4-42). 

Regional reporting rates of P. carinii are shown in 
Table 6. Annual rates of P. carinii showed con
siderable fluctuation between 1990 and 1999, although 
reports generally declined in most regions . Cumulative 
reports received during this period were highest in 
London (2·86 per million population), with Trent and 
the South West reporting the highest numbers of 
infections outside London (2·34 and l ·89 per million 
population, respectively). 

Yearly reporting rates for P. carinii for males and 
females are given in Figure 9. Reporting rates were 
considerably higher for men than women throughout 
the period, although reports in males decreased 
substantially between 1991 and 1993, from 5·56 to 
0·67 per million population per year. Reports of P. 

carinii infection in females remained fairly constant 
over this period. 

Other invasive mycoses 

A further 121 reports of deep-seated fungal infections, 
involving 24 different species, were received between 
1990 and 1999. The majority of these were fungaemias 
(77 % ; 93 / 121 ). Other sites from which fungi were 
isolated were sputum (15), organs, tissue/fluids (5), 
pulmonary (3), CNS (3) and upper respiratory tract 
(2). Underlying conditions included leukaemia (10 
cases), premature birth (5), HIV infection (5), 
neutropenia (5), pancytopenia (1 ) , post-surgery / tissue 
transplant (3) and neoplasms (2). Seven reports of 
invasive mycoses were in patients receiving total 
parenteral nutrition. 

DISCUSSION 

This analysis oflaboratory reports of fungal infections 
has illustrated some important trends in England and 
Wales, especially with regard to candidosis. 

The laboratory reports analysed in this paper are 
restricted to actual isolations of fungal organisms, 
which will considerably underestimate the true 
numbers of invasive mycoses, given the difficulty in 
isolating the causative organism in many cases of 
invasive disease. Variations in completeness of 
reporting between regions will further underestimate 
the true numbers of isolations made. These limitations 
primarily affect our ability to estimate the true burden 
of invasive mycoses but do not entirely prevent any 
meaningful interpretation of either trends over time or 
between different subgroups within the population. 
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Summary A comprehensive literature search of epidemiological studies and reports of
transmissions of disease from feral pigeons to humans was performed. There were 176
documented transmissions of illness from feral pigeons to humans reported between
1941 and 2003. Feral pigeons harbored 60 different human pathogenic organisms, but
only seven were transmitted to humans. Aerosol transmission accounted for 99.4% of
incidents. There was a single report of transmission of Salmonella enterica serotype
Kiambu to humans from feral pigeons, and no reports of transmission of Campylo-
bacter spp. The most commonly transmitted pathogens continue to be Chlamydophila
psittaci and Cryptococcus neoformans. Although feral pigeons pose sporadic health
risks to humans, the risk is very low, even for humans involved in occupations that
bring them into close contact with nesting sites. In sharp contrast, the immunocom-
promised patient may have a nearly 1000-fold greater risk of acquiring mycotic disease
from feral pigeons and their excreta than does the general population.
Q 2003 The British Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

High numbers of feral pigeons live in almost every
large city in the world and they are frequently
encountered by humans.1 However, the health
hazard that they pose has not been adequately
assessed. Clinicians are confronted by the need to
educate people about the risk of contracting
disease most often when they are clearing feral
pigeon excrements or culling them from buildings.
However, many people have casual interactions
with pigeons that range from feeding them in public
parks to handling tamed birds that nest on window-
sills. In addition, immunocompromised patients

need advice about limiting exposure to potential
vectors of zoonotic diseases, even when it concerns
seemingly innocuous traditions such as feeding
pigeons in the park. Extermination that is intended
to greatly reduce pigeons around human popu-
lations does not appear to work as well as
restricting feeding,1 are protested by those sensi-
tive to the plight of animals, and most importantly,
may pose increased hazards to human health from
disturbance of the nesting environment and hand-
ling of carcasses. On the other hand, animal
protection activists sometimes deny that pigeons
pose any health hazard.2 In spite of the large
distribution of feral pigeons and their successful
acclimation to humans, there are no reviews of the
scientific literature on this topic. This paper aims to
give clinicians information that will help them
assess the risk to human health from feral pigeons.

0163-4453/$30.00 Q 2003 The British Infection Society. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.jinf.2003.11.001

Journal of Infection (2004) 48, 307–313
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Methods

The review of older literature, which comprises
sources not readily accessible to clinicians by
standard scientific publication search engines, was
accomplished by perusal of bibliographic refer-
ences in Italian, French, German, Dutch and English
publications (Tables 1 and 2). More recently cited
sources were collected by searches with key words
like ‘pigeon’, ‘dove’ and ‘Columba livia’ in the
medical database PubMed. Only those papers that
showed confirmed, or in the case of one large
outbreak presumptive diagnosis of disease in
humans,3 are included in this review (Tables 1 and
2). All published reports of transmissions of
pathogenic organisms from feral pigeons to humans
were included for analysis and tabulation. For the
review of food-related infections, the commodity
term was used in conjunction with the terms ‘food

and outbreak and human’ (Table 3). Commodities
chosen for comparison ranged from extremely
common sources, such as milk to infrequently
eaten specialty foods such as snake. For this
evaluation, each publication was not perused
individually for applicability to food related illness
in humans, and thus, it only indicates relative
frequency of reports of outbreaks for each
commodity.

Results

Epidemiological investigations

Seventy-seven epidemiological studies of feral
pigeon populations identified human pathogenic
organisms coming from 60 cities and regions.
Analysis revealed that feral pigeons harbored a

Table 1 Pathogenic organisms identified in feral pigeon
populations

Viruses
Western equine encephalomyelitis (WEE)23

Rubella24,25

St Louis Encephalitis23,26

West Nile virus (WNV)21,22,24

Influenza24

Bacteria
Clostridium perfringens12

Listeria monocytogenes27

Salmonella enterica
serovar Anatum28

serovar Anatum var. 1515

serovar Derby28

serovar Arizonae29

serovar 1,4,12:27: g,[m],t:e,n,x29

serovar Java30

serogroup E31

serovar Enteritidis30

serovar Kiambu11

serovar Typhimurium12,16,29 –33

serovar Typhimurium Typ 69025

serovar var. Copenhagen25,28

Yersinia spp.25

Campylobacter jejuni13,14,16,17,31,34

Campylobacter coli13,17

Escherichia coli (STEC, VTEC)35–37

Coxiella burnetti24,25,38,39

Chlamydophila psittaci8,24,25,30,32 –34,38–55

Fungi
Allescheria boydii56

Aspergillus spp.56,57

Candida albicans56,58–63

Candida glabrata59,60,63

Torulopsis (Candida) glabrata29

Candida guillermondii59,60,62,63

Candida humicola63

Candida intermedia62

Candida krusei56,59,60,62,63

Candida lambica63

Candida lipolytica63

Candida lusitaniae60,62

Candida parapsilosis62,63

Candida pseudotropicalis60,62

Candida rugosa60,62,63

Candida tropicalis59,60,62,63

Candida zeylanoides63

Chrysosporium spp.56

Cryptococcus albidus62 –64

Cryptococcus laurentii62,63,65

Cryptococcus neoformans29,58,62,63,66 –76

Cryptococcus terreus62

Cryptococcus uniguttulatus65

Debaromyces hansenii65

Geotrichum spp.59,63

Geotrichum candidum56

Histoplasma capsulatum77

Hansenula anomala63

Kloeckera apiculata63

Paeciliomyces spp.56

Pichia membranaefaciens62

Rhizopus spp.56

Rhodotorula spp.56

Rhodotorula glutinis63

Rhodotorula rubra29,62,63

Saccharomyces cerevisiae62,63

Saccharomyces oleaginosus62

Saccharomyces telluris59,60,62

Scopulariopsis spp.56

Streptomyces spp.56

Torulopsis candida62,63

Trichosporon beigelii63

Trichosporon capitatum63

Trichosporon cutaneum56,62,63

Trichosporon pullulans63

Protozoas
Toxoplasma gondii30,78,79

Total 60 pathogens as designated by genus and species.
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total of 60 different human pathogenic organisms
(Table 1). Five pathogens were viruses, nine were
bacteria, 45 were fungi, and one was a protozoan
(Table 1). However, only five pathogens were
routinely transmitted to humans (Table 2). There
were single case incidences for transmission of
Salmonella enterica and Toxoplasma (Table 2). In
general, there was a notable lack of transmission of
pathogenic viruses and bacteria to people from
feral pigeons.

Confirmation of the link between pigeons
and fungal disease

There is a long-recognized link between pigeons and
fungal diseases in humans, and, indeed, almost all
(17 of 18) investigations of feral pigeon populations
were positive for Cryptococcus spp. Review of the
literature indicated that Cryptococcus neoformans
and Chlamydophila psittaci were the most

widespread zoonotic pathogens in feral pigeon
populations (Table 2). C. neoformans caused
diseases in immunocompromised as well as in
immunocompetent patients,4 but primarily in
immunocompromised patients (Table 2). C. neofor-
mans was acquired by 11 patients of whom seven
were immunocompromised (Table 2). The Centers
for Disease Control (CDC) reports that in the United
States Cryptococcus spp. result in 0.2–0.9 cases per
100,000 in the general population per year.5

However, the CDC also reports that AIDS patients
have a 1000-fold higher risk, with an annual
reported incidence of 2–4 cases per 1000 persons.5

The pigeon is not an amplifying host of Cryptococ-
cus, but its excrements offer an ideal environment
for its growth.6 Therefore, it appears that the risk
of illness associated with pigeons from Cryptococ-
cus is now largely a function of the immune status of
the human population rather than from people just
having contact with birds. This is not a new
concept,7 but the emergence of AIDS over the
past 30 years and the associated increase in mycotic
disease reiterates that a change in the human
population rather than carriage rates by feral
pigeons has occurred overtime. Similar to the
situation with Cryptococcus, Aspergillus and Can-
dida infections also appear to implicate a decline in
human immune function as the primary risk
factor for contraction of illness from feral pigeons
(Table 2).

Chlamydia and Histoplasma infections in humans
did not necessarily show an association with
immunocompromise of the host (Table 2), although
it cannot be ruled out without full knowledge of
each individual case. An outbreak of Chlamydophila
psittaci infection involved at least 35 persons and it
was due to human contact with feral pigeons that

Table 2 Association between human practice and illness contracted from feral pigeons

Pathogen Number of illnessesa Description of contact

Salmonella enterica 1 Environmental exposure11

Chlamydophila psittaci 29b Environmental exposure41,42,44,45,80–82

10 Handling a sick or dead pigeon40,47,82 –84

8 Pigeon feeding42,82,83,85,86

Histoplasma capsulatum 23 Environmental exposure3

68 Exposure in a hospital setting77

Aspergillus spp. 13 (13) Exposure in a hospital setting87–90

Candida parapsilosis 12 (12) Exposure in a hospital setting91

Cryptococcus neoformans 5 (2) Environmental exposure67,92–95

5 (4) Exposure in a hospital setting75,96

1 (1) Wound inflicted by a pigeon97

Toxoplasma 1 Environmental exposure78

Total cases 176

a Number of patients who were immunoincompetent.
b Additional cases are reported, but not enumerated39,98 (Haag-Wackernagel, unpublished).

Table 3 PubMed references returned for outbreaks per food
commodity

Milk 168 Goat 18
Egg 112 Juice 18
Fish 96 Hamburger 16
Vegetable 96 Horse 14
Shellfish 92 Rabbit 11
Fruit 79 Wild boar 10
Chicken 79 Deer 6
Cheese 73 Duck 5
Beef 66 Pigeon 0
Dairy 64 Alligator 0
Pork 48 Snake 0
Turkey 37 Ostrich 0

Searched on October 22, 2003 at www.ncbi.nlm.nih.gov/en-
trez/query.fcgi. Search terms were ‘commodity and food and
outbreak and human’.
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varied in intensity (Tables 1 and 2). According to the
literature, C. psittaci has a worldwide average
seroprevalence of 45.8% as determined by review of
33 epidemiological investigations. An earlier 1965
review suggested a seroprevalence of 28.7% in feral
pigeon populations in different cities and regions.8

In preparation for this review, sampling of feral
pigeons in Lucerne revealed a mean prevalence of
56% seropositive feral pigeons (H. Wackernagel,
unpublished results). All investigations of feral
pigeon populations have been seropositive for C.
psittaci (Table 1), which suggests that this organism
is commensally associated with the pigeon host.
However, there was no evidence that a high
prevalence rate in pigeons is necessarily associated
with a high probability of infections in humans that
encounter pigeons. Two reports describe infections
in humans with Histoplasma capsulatum (Table 1),
which was the pathogen associated with the highest
number of cases in a single outbreak. Because all of
the fungal pathogens, including Cryptococcus,
Chlamydophila, and Histoplasma, are known to be
transmitted by inhalation of aerosolized organisms,
the data suggests that 175 of 176 (99.4%) of
described transmissions resulted from airborne
excreta, which includes dried feces, ocular dis-
charges, and crop milk.9 However, other methods
of transmission are possible if close contact occurs,
as evidenced by one report of primary cutaneous
cryptococcosis of a HIV-positive drug abuser follow-
ing injury inflicted by a feral pigeon (Table 1).
Contact is sometimes brief, and the patient does
not always recall any encounter with birds.9

Pigeons are not reported to be a common
source of food-borne illness

Only two reports describe transmission of Sal-
monella enterica (S. enterica) to humans from
either domesticated or feral pigeons, one of
which occurred outside the general time frame
of 60 years for this review. Illness in 20 soldiers
in the Dutch army occurred in 1933 that clearly
implicated S. enterica serovar Typhimurium
variant Copenhagen as the causative agent that
contaminated lemon pudding made with eggs
from domestic pigeons.10 It appears to be the
only case of food-borne transmission from
pigeons to humans in the literature. Feral
pigeons resulted in a case of salmonellosis
from S. enterica serovar Kiambu11 (Table 2).
Given that S. enterica serovar Typhimurium
variant Copenhagen and Campylobacter, which
are common food-borne pathogens, are fre-
quently recovered from feral pigeons as well as
from domesticated pigeons used for food,12 – 17 it

is surprising that there are no other reports of
food-borne transmission to humans from pigeons
in the literature.

To pursue the idea further that there is a low risk
of transmission of common food-borne bacteria
between pigeons and humans, an independent risk
assessment was performed. A feral pigeon popu-
lation of around 5000–8000 birds that was sampled
in Basel, Switzerland in preparation for this review
harbored C. psittaci, Campylobacter spp., S.
enterica serovar Typhimurium variant Copenhagen,
and Aspergillus fumigatus (Haag-Wackernagel,
unpublished data). However, records from the
Department of Internal Medicine of the University
Hospital in Basel showed that there were no direct
transmissions of disease from feral pigeons to
humans between 1997 and 2003 (Flueckiger and
Haag-Wackernagel, unpublished data). In addition,
a search of the literature revealed that, other than
the 1933 outbreak, there were no reports of food-
borne illness from either domesticated or feral
pigeons since 1933 (Table 3). This finding is
unexpected given that contact between pigeon
and human is a frequent occurrence as compared to
what probably happens with wild boar, snake,
ostrich and alligator (Table 3). Illness was noted
to occur in the literature base for rabbit, which is
another feral animal that is sometimes domesti-
cated and bred for food and kept as a pet.
Therefore, it appears that the risk of transmission
of food-borne disease from pigeon to human is
comparatively low, in spite of pigeons being
frequent carriers of common food-borne
pathogens.

Other suggested associations between
pathogens and feral pigeons

One case of Toxoplama gondii is reported (Table 1),
which occurred in an elderly woman. Therefore, all
immunocompromised patients, including pregnant
women who are at higher risk for contracting
toxoplasmosis, should be advised to avoid feral
pigeon populations and their nesting sites. Cur-
rently, there is no experimental evidence that
pigeons are an important vector for the recently
emerged viral disease of human pathogenic avian
influenza18 and the epidemiological association
between feral pigeons and humans in regards to
this disease is only speculative.19 Although it
appears that feral pigeons are seropositive for
West Nile virus, there is no epidemiological evi-
dence that they are an amplifying vector as are
crows.20 –22
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Discussion

Epidemiological screening programs of animal
reservoirs often identify pathogens that have
never been, or are seldom, transmitted to humans.
In regards to zoonotic disease transmitted from the
feral pigeon to humans, all viruses, Yersinia,
Salmonella, Campylobacter and Toxoplasma are
in this category. Therefore, the results of many of
the epidemiological investigation herein reviewed
were only relevant for assessing the health of the
feral pigeon populations rather than for assessing
their hazard to human health. Thus, the mere
isolation of a pathogen from pigeons does not
justify their extermination, although people should
be educated about the risk factors for acquiring
mycotic disease. The low number of 176 reported
transmissions in the literature that spans approxi-
mately 60 years underestimates risk, because many
cases are not published or the sources of the
infections are not recognized. However, in spite
of the worldwide distribution of feral pigeons, the
close and frequent contact they have with humans,
their use as food, and the high prevalence of
carriage of human pathogens, zoonotic disease
caused by feral pigeons is infrequent. Healthy
people who are exposed to feral pigeons and their
nesting sites, or who have increased exposure from
hobbies or occupations involving feral and domesti-
cated pigeons, should be informed of these risks
and advised of appropriate ways to protect them-
selves. These methods include wearing coveralls,
face masks, other respiratory protection, washing
hands and by disinfection against excreta dust with
antiseptics. If possible, sick pigeons should be
avoided, or at the very least, handled with great
care to prevent exposure to excreta. The literature
reiterates that the immunocompromised patient is
at considerably higher risk for contracting oppor-
tunistic disease from feral pigeon populations.
Since opportunistic pathogens have a multitude of
vectors besides feral pigeons, disease prevention is
probably best attained by educating the immuno-
compromised patient to limit contact with all avian
sources and to follow guidelines for maintaining
hygiene under any circumstance where close con-
tact with pathogenic organisms might occur.
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Abstract

Over the last decade, an upsurge in both the frequency and severity of fungal infections due to the 

HIV/AIDS epidemic and the use of immunosuppressive therapy has occurred. Even diagnostic 

methods like culture and microscopy, which have low sensitivity and longer turn-around-times are 

not widely available, leading to delays in timely antifungal therapy and detrimental patient 

outcomes. The evolution of cryptococcal antigen (CrAg) testing to develop inexpensive and more 

sensitive methods to detect cryptococcal antigen is significant. These newer tests employ 

immunoassays as part of point-of-care platforms, which do not require complex laboratory 

infrastructure and they have the potential to detect early disease and reduce time to diagnosis of 

cryptococcal infection. Advocacy for widely available and efficacious life-saving antifungal 

treatment should be the only remaining challenge.

Keywords

Cryptococcus; antigen; testing; lateral flow; assay; HIV; diagnosis; thermal contrast; Fungus; 
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Introduction

Infection with the human immunodeficiency virus (HIV) and increased use of 

immunosuppressive therapy have led to an increase in both the frequency and severity of 

fungal infections [1]•. Cryptococcus neoformans and Cryptococcus gatti are responsible for 
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an estimated 700,000 cases of cryptococcal meningitis in sub Saharan Africa [2] and 7,800 

cases of cryptococcal meningitis in North America in 2006 respectively [3]. Mortality from 

cryptococcal disease remains high even in the era of ART. Early diagnosis of cryptococcal 

infection is critical to improving clinical outcomes.

A notable increase in the prevalence of cryptococcal meningitis in the last decade has not 

been matched by improved diagnostics in resource limited settings where most of the 

infections occur. The low sensitivity of older test methods and delay in obtaining results has 

driven research for cheaper and more widely available sensitive diagnostics.

Traditional approaches to diagnosis include direct microscopic examination of clinical 

samples, histopathology, culture, and serology [1]•. However, new innovative technologies 

that use molecular and immunoassay point-of-care platforms have the potential to meet the 

needs of both resource-rich and resource-limited clinical environments [4]•. In this review, 

we describe the evolution of diagnostic techniques for cryptococcal infection focusing on 

CrAg testing and outline the current need and gaps in the area of cryptococcal infection 

testing.

Epidemiology of Cryptococcal meningitis

Cryptococcal meningitis (CM) is a severe life threatening illness caused by cryptococcus 

species, which mainly occurs in immune compromised individuals and rarely in 

immunocompetent persons and rarely in immunocompetent persons [5-7].

Cryptococcus is free living encapsulated saprophytic yeast. Human infections are caused by 

Cryptococcus neoformans and cryptococcus gattii. The epidemiology, clinical and molecular 

characteristics of these two species vary. C. neoformans is classified into C. neoformans var. 

grubii (serotype A) and C. neoformans var. neoformans (serotype D). Also identified are 

serotypes B and AD.[1]• Cryptococcus neoformans var. grubii causes most infections among 

HIV-infected persons [8, 9]. Ecologically, C. neoformans is found in soil contaminated with 

bird droppings, heart wood and homes of HIV-infected persons [10, 11]. C. gattii is 

classified into serotypes B and C. Previously known to be found predominantly in tropical 

and subtropical regions, outbreaks in Vancouver island, Canada and US Pacific North West 

have complicated our understanding of its ecological niche [12-14]. C. gatti infection 

predominantly occurs in immunocompetent patients [15].

The global burden of cryptococcal meningitis remains high despite advances in diagnosis 

and treatment. It is an AIDS defining illness, mainly occurring in patients with CD4 < 100 

cells/μL [16, 17]. It is estimated that the mortality occasioned by CM among HIV infected 

patients is 50-70% [3]. The disease burden of CM parallels the HIV epidemic, with highest 

incidence and mortality in sub-Saharan Africa, South and Southeast Asia regions with high 

HIV prevalence and low access to ART [7, 18]. Annually, sub-Saharan Africa, and South 

and Southeast Asia account for 720,000 and 120,000 cases of CM respectively [3]. In 

addition to being the leading cause of meningitis in the sub-Saharan Africa region [7, 

19-21], it accounts for 13-44% of all AIDS related deaths [22, 23], with mortality rates as 

high as 50-70% [3, 7, 19]. C. neoformans occurred in 5-15% of AIDS patients during the 
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peak of the HIV epidemic in Europe, United States and Australia, but the incidence of CM 

in these regions has declined partly due to access to HAART and antifungal use [15, 24-27].

Although HIV is the major risk factor for cryptococcal meningitis, immunosuppressive 

therapy, sarcoidosis and lymphoproliferative disorders are also associated with increased risk 

of developing cryptococcal meningitis [28].

Evolution of Cryptococcal Testing

The diagnosis of fungal infections in the past has relied primarily on techniques based on 

visualisation of the fungus, for example by direct microscopic examination of clinical 

samples, histopathology, and culture [4]•. These approaches require personnel with relatively 

high levels of specific mycology training [4]• and hence have a limitation for widespread use 

in resource limited settings. The increase in pathogenic fungi in the past decade has forced 

investigators to develop and apply new methods of fungal identification that go beyond 

classical phenotypic methods [4]•. As a consequence, there is increased emphasis on the use 

of molecular methods and antigen detection as surrogates for culture for the diagnosis of 

cryptococcal meningitis. Further still, old testing techniques lacked sensitivity and 

specificity and take too long to be clinically useful [1]•. We briefly describe the evolution of 

cryptococcal diagnostic techniques over time.

Direct microscopic examination of Clinical samples, Histopathology, and Culture

Culture has been the gold standard for diagnosis of cryptococcal disease and has 

characteristic advantages such as growing the specific organism and allowing for sensitivity 

testing in order to identify the most suitable therapy, however, the yield for most specimens 

is low and will usually be positive when the fungal burden is high. The turn-around-time 

using conventional culture media (Sabouraud Dextrose Agar and Mycosel agar; BD 

Diagnostic Systems) is usually more than 7 days, but could be positive in a few days among 

patients with high fungal burden and requires laboratory personnel with the requisite 

expertise [4]•. Fungal culture has evolved from conventional growth media to the use of 

birdseed (Guizotia abyssinica) agar for detection and rapid identification of C. neoformans 
[29]. This media has decreased the time to detection of most strains of C. neoformans from 

about several days to 72 hours - the time it takes for phenoloxidase activity to produce dark 

brown colored colonies. In a study comparing conventional media and birdseed agar by 

culture of 35 clinical samples from AIDS patients, the results showed 100% sensitivity and 

specificity with plates incubated at 30°C [4, 29]•. TOC (tween 80-oxgall-caffeic acid) agar 

has been used for identification of C. neoformans within 24 hours from previously isolated 

colonies [30]. However, it requires extended incubation of 3–5 days if used as the primary 

isolation medium. Detection of urease production for rapid recognition of C. neoformans 
[31] has also been attempted, but this method lacks specificity and needs to be followed by a 

more reliable method.

Microscopy is another fundamental technique whose sensitivity is dependent on the quality 

of the specimen and the experience of the laboratory personnel. Stains like India ink are used 

to stain specimens to ease visualisation. India ink staining, however, has limitations as 

described in a study comparing diagnostic techniques in Uganda. Sensitivity of India ink 
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microscopy was the lowest (86%) of any test and was highly dependent on fungal burden in 

CSF[4]. Sensitivity decreased to 42% (19/45) among persons with cerebrospinal fluid (CSF) 

cultures <1,000 colony forming units (CFU)/mL. Overall, 1 of 7.2 cryptococcal diagnoses 

was missed by India ink microscopy (negative predictive value of 80%; (95% CI 76%–84%). 

If India ink microscopy had been the only diagnostic test used, 8.8% of meningitis cases in 

Uganda would have been misdiagnosed. Among persons in Uganda who had India ink 

microscopy–negative results, Cryptococcus spp. remained the most common pathogen 

(20%). [32]••. India ink staining is also not suitable for diagnosis of invasive Cryptococcal 

disease, as this would require deep tissue biopsies.

Histopathology requires several stains enabling a more obvious appearance of C. 
neoformans. Classical stains used in histopathology include Gomori methenamine silver, 

periodic acid-Schiff, Gridley fungus, and hematoxylin and eosin stains [33]. Alternatively, 

Calcofluor white (CW) can be used with a fluorescent microscope to observe fungal 

elements in clinical samples. CW binds b -glycosidic linkages of polysaccharides in the 

fungal cell wall but also binds non-specifically to keratin and human connective tissue 

elements [34].

Antigen detection tests

These are tests that detect fungal antigen (Cryptococcus neoformans and gatti).

Latex agglutination—Diagnosis of CM was the first application of antigen detection for 

diagnosis of fungal infection that received widespread clinical use [35]. Antibodies were 

raised in rabbits against whole cryptococcal cells and passively coated onto latex beads. 

Termed latex agglutination, the assay detected glucuronoxylomannan (GXM), the major 

capsular polysaccharide of C. neoformans. GXM is shed in large amounts into blood and 

CSF during the course of cryptococcal meningitis. GXM occurs in four major serotypes: A, 

B, C, and D and a hybrid serotype AD [1]•. Studies done in 2012 to validate this test against 

newer test are summarised in Table 1 [32]••.

Most manufacturers (e.g., IMMY, Meridian Biosciences Inc., and Bio-Rad) propose and 

recommend use of pronase to reduce false-positive results caused by the presence of 

rheumatoid factors in the specimen especially in serum [4]•.

Lateral flow assay

A ground breaking landmark for cryptococcal antigen testing was the development of a 

lateral flow immunoassay (dipstick) (CrAg LFA). It was developed using a cocktail of 

monoclonal antibodies that were formulated to be reactive with all GXM serotypes [1, 37]•. 

This dipstick test uses gold-conjugated, monoclonal antibodies impregnated onto an 

immunochromatographic test strip to detect cryptococcal capsular polysaccharide 

glucuronoxylomannan antigen for all 4 C. neoformans serotypes (A–D)[37]. If cryptococcal 

antigen is present in a specimen, suspended, gold-conjugated antibodies bind to the antigen. 

The gold-antibody- CrAg complex migrates by capillary action up the test strip, interacts 

with immobilized monoclonal antibodies against the antigen and forms a band. The LFA kit 

contains immunochromatographic test strips, positive controls, and assay diluent that can be 
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stored at room temperature for ≤2 years. To perform the LFA, 1 drop of diluent (≈40 μL) is 

added to a container with 40 μL of patient specimen. The dipstick is inserted into the 

container and incubated at room temperature for 10 min [32]••.

In a review article evaluating the LFA, seven conference abstracts and two full-length 

published articles through August 2012 were reviewed. Six abstracts and the two full-length 

articles reported data on serum specimens and five abstracts included data on CSF 

specimens. The median sensitivity using serum was 100% (95.6%, 100%) and the median 

specificity was 99.5% (95.7%, 100%). Using CSF specimens, the median sensitivity was 

100% (96.2%, 100%) and the median specificity was 97.7% (70.4%, 100%) [4]•. In another 

large scale evaluation of the lateral flow assay method, 1,000 specimens (589 serum and 411 

CSF specimens) were tested in parallel at the ARUP laboratories a national reference 

laboratory under the pathology department of university of Utah. Comparison of Meridian 

EIA vs IMMY LFA showed 97.8% agreement (positive agreement 71.8, negative agreement 

97.7%), kappa 0.82(0.75-0.9). In conclusion, the IMMY assays showed excellent overall 

concordance with the Meridian EIA. Assay performance differences appear to be related to 

issues of analytic sensitivity and serotype bias [38]••. Serotype sensitivity of the LFA has 

previously been assessed and the CrAg LFA found to have high sensitivity for GXM of all 

four serotypes, with A = B > C > D. The observed sensitivity of the CrAg LFA was greater 

than was previously reported for currently available CrAg immunoassays in latex 

agglutination or enzyme immunoassay formats [37].

Another study comparing four assays assessed detection of cryptococcal antigen in serum 

(n=634) and CSF (n=51). When compared to latex agglutination, the sensitivity and 

specificity of the Premier EIA, Alpha CrAg EIA and CrAg LFA were 55.6/100, 100/99.7 

and 100/99.8%, respectively, from serum samples. There was 100% agreement among the 

four tests for CSF, with 18 samples testing positive by each of the assays [39]•.

The LFA is a semi quantitative test that can be used to measure disease burden by 

determining the CrAg titers for positive results. These have been found to be informative for 

patients with asymptomatic antigenemia and for patients with high titers the risk of 

cryptococcal meningitis and death is higher than those with lower titers as observed in a 

recently concluded CrAg screening study in Uganda. Contrary to our earlier understanding 

regarding the lack of a role for CrAg titers in treatment and risk stratification for 

symptomatic CM, among asymptomatic CrAg positive patients titers might have a role in 

improving patient clinical management and hence patient outcome. Further assessment of 

this can be done with thermal contrast measurement as described below.

Thermal Contrast Measurement of CrAg Titer

This laser thermal contrast method was suggested in 2012 and in a study done in Uganda it 

was used to provide quantification of the LFA in comparison with semi quantitative CrAg 

LFA titers by using the heat signature of laser-irradiated gold used in the LFA. To detect 

gold nanoparticles conjugated to monoclonal antibodies on the LFA line, the line was 

irradiated with a 0.01 W laser (532 nm, diode pumped; Millenia, Santa Clara, CA, USA) for 

30 seconds, and temperature change (thermal contrast) was recorded with an infrared camera 

(A20; FLIR ThermoVision, Portland, OR, USA), as described [40]•. Three spots on each 
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horizontal LFA line were irradiated and the average maximum temperature change was 

calculated. An antigen titer was calculated from the thermal contrast by using a calibration 

curve established by 2-fold serial dilutions of 3 specimens in triplicate with known CrAg 

LFA titers (R2 = 0.97). This study demonstrated that a novel technique, laser thermal 

contrast, had 92% accuracy in quantifying CrAg titers from 1 LFA strip to within <1.5 

dilutions of the actual CrAg titer by serial dilutions (R = 0.91, p<0.001). LFA performance 

was more sensitive than that of any other diagnostic test. Conversely, the worst performing 

test was India ink microscopy, which is the most common cryptococcal diagnostic test in 

Africa, despite missing 1 in 7 cryptococcal diagnoses and having only an 80% negative 

predictive value in our cohorts [32]••.

Implications for the Future

Testing for cryptococcal disease has evolved over the last few years with particular 

improvements in CrAg testing. The development of the lateral flow assay could 

revolutionize diagnosis and management of cryptococcal disease. The test offers the ability 

to perform cryptococcal antigen testing at point-of-care, without the additional requirement 

of complex laboratory infrastructure especially in sub-Saharan Africa, where cryptococcal 

disease is prevalent.

The persistence of cryptococcal antigen remains an issue especially among patients who 

present with recurrence of symptoms and signs of meningitis (having had a prior episode of 

cryptococcal meningitis) and are antiretroviral therapy-experienced. In these cases, the 

clinician should be guided by use of CSF culture to differentiate between relapse (or new 

infection) and paradoxical cryptococcal immune reconstitution inflammatory syndrome 

(IRIS), with sterile cultures during IRIS, despite a positive CrAg test.

The experimental methods for cryptococcal antigen testing including thermal contrast could 

be developed further into cheaper bedside tests that could increase the repertoire of 

cryptococcal diagnostics in the future.

Finally, the diagnosis of early disease has become an important aspect of cryptococcal 

antigen testing with high sensitivity of the lateral flow assay providing the capability to 

detect lower quantities of antigen. An ongoing study on cryptococcal antigen testing among 

asymptomatic patients with CD4 counts <100 cells/μL in Uganda suggest that patients with 

higher CrAg titers >1:160 have a higher risk of death [41]. This is important as it presents an 

opportunity to study tailored therapy if one can determine the antigen titer at the time of 

CrAg testing. Studies conducted in South Africa have shown that CrAg screening of 

individuals initiating ART and preemptive fluconazole treatment of CrAg-positive patients 

resulted in markedly fewer cases of CM compared with historic unscreened cohorts. It has 

also been found to be a cost effective intervention and several modifications of dose and 

duration of the recommended Fluconazole therapy has led to improved survival [42-47].

For industry, the future should focus on developing a modified lateral flow assay that can 

further provide a semi quantitative CrAg titer which could be a separate band, for example 

>1: 160 that could be read off the test strip at the same time the LFA is being read for 

qualitative positive results. This would enable clinicians to study different treatment 
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regimens especially for asymptomatic patients who could benefit from pre-emptive 

antifungal therapy.

Conclusion

In keeping with new developments in the diagnosis of infectious diseases, the development 

of the lateral flow assay as a point-of-care test for detecting cryptococcal antigen is a huge 

leap forward and introduces a new paradigm in the management of cryptococcal disease. 

The ability to screen for cryptococcal antigen, especially prior to initiating antiretroviral 

therapy among HIV-infected patients and pre-emptively treating those with ‘early’ 

cryptococcal disease using antifungal therapy to prevent overt and symptomatic cryptococcal 

disease will save health care costs especially for resource poor countries by eliminating the 

need for complex laboratory infrastructure. The focus should now be on making this test 

more widely available, implementing national CrAg screening programs and advocating for 

more efficacious antifungal treatment regimens that would minimize mortality and morbidity 

occasioned by HIV infection and cryptococcal co-infections.
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Table 1

Performance characteristics of cryptococcal diagnostic assays in persons with suspected meningitis, Uganda 

and South Africa*

Number positive/Number tested (%)

Diagnostic test N Sensitivity Specificity PPV NPV

CSF culture 806 459/510 (90.0) 296/296 (100.0) 459/459 (100.0) 296/347 (85.3)

100-μL volume 524 309/328 (94.2) 196/196 (100.0) 309/309 (100.0) 196/215 (91.2)

10-μL volume 282 150/182 (82.4) 100/100 (100.0) 150/150 (100.0) 100/132 (75.8)

India ink microscopy 805 438/509 (86.1) 288/296 (97.3) 438/446 (98.2) 288/359 (80.2)

CrAg LFA 666 435/438 (99.3) 226/228 (99.1) 435/437 (99.5) 226/229 (98.7)

CrAg latex (Meridian) 279 176/180 (97.8) 85/99 (85.9) 176/190 (92.6) 85/89 (95.5)

CrAg latex (Immy) 749 452/466 (97.0) 283/283 (100.0) 452/452 (100.0) 283/297 (95.3)

PPV- Positive predictive value; NPV- Negative predictive value; CrAg- Cryptococcal antigen; LFA- lateral flow assay; CSF- cerebrospinal fluid
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Cryptococcosis is a major worldwide disseminated invasive fungal infection. Cryptococcosis, particularly in its most 
lethal manifestation of cryptococcal meningitis, accounts for substantial mortality and morbidity. The breadth of the 
clinical cryptococcosis syndromes, the different patient types at-risk and affected, and the vastly disparate resource 
settings where clinicians practice pose a complex array of challenges. Expert contributors from diverse regions of the 
world have collated data, reviewed the evidence, and provided insightful guideline recommendations for health 
practitioners across the globe. This guideline offers updated practical guidance and implementable recommendations 
on the clinical approaches, screening, diagnosis, management, and follow-up care of a patient with cryptococcosis 
and serves as a comprehensive synthesis of current evidence on cryptococcosis. This Review seeks to facilitate optimal 
clinical decision making on cryptococcosis and addresses the myriad of clinical complications by incorporating data 
from historical and contemporary clinical trials. This guideline is grounded on a set of core management principles, 
while acknowledging the practical challenges of antifungal access and resource limitations faced by many clinicians 
and patients. More than 70 societies internationally have endorsed the content, structure, evidence, recommendation, 
and pragmatic wisdom of this global cryptococcosis guideline to inform clinicians about the past, present, and future 
of care for a patient with cryptococcosis.

Introduction 
Cryptococcosis accounts for substantial morbidity and 
mortality globally. In 2022, WHO listed Cryptococcus 
neoformans as a top fungal priority pathogen.1 
Cryptococcosis often involves the CNS or the lungs, but 
disseminated disease can affect any organ, yet appear 
localised. Despite the knowledge gained and 
improvements in clinical outcomes generated by 
multiple interventional trials2–7 done primarily in low-
income settings with insufficient resources, mortality 
from cryptococcal meningo encephalitis is high, ranging 
from 24 to 47% at 10 weeks.2,4,7,8 The highest burden of 
disease is in low-income and middle-income countries, 
especially in sub-Saharan Africa,9 where HIV and AIDS 
are the dominant risk factor, although new non-HIV 
immunocompromised risk groups and putatively 
immunocompetent individuals are increasingly reported 
in high-income settings with sufficient resources.

Complementary diagnostic and management guidelines 
for cryptococcosis exist.10–21 This comprehensive manage-
ment guideline serves primarily to facilitate clinical 
decision making while also providing an overview of the 
uncertainties in cryptococcosis management. With 
contributors across the globe, this guideline gives voice to 
expertise and challenges from diverse settings in a 
globally relevant Review. General principles and treatment 
recom mendations are provided, and clinicians are urged 
to use careful clinical judgement when formulating 

Key points

• Accurate delineation of the cryptococcosis clinical syndrome is important as it guides 
antifungal treatment choice and duration; cryptococcosis syndromes are divided into 
CNS, disseminated disease, isolated pulmonary disease, or direct skin inoculation 
(figure 1)

• Liposomal amphotericin B 3–4 mg/kg daily and flucytosine 25 mg/kg four times a day 
is the most optimal induction therapy option for cryptococcal meningitis, 
disseminated cryptococcosis, and severe isolated pulmonary cryptococcosis in high-
income settings

• In low-income settings, patients with HIV-associated cryptococcal meningitis are best 
treated with liposomal amphotericin B 10 mg/kg as a single-dose, with 14 days of 
flucytosine 25 mg/kg four times a day and fluconazole 1200 mg daily as induction 
therapy; this induction therapy has not been trialled in non-HIV-associated 
cryptococcal meningitis or other non-CNS cryptococcosis syndromes

• Optimise outcomes by providing the most effective antifungal therapy while 
preventing, monitoring, and managing potential toxicity; do not stop or switch to an 
inferior regimen too early or unnecessarily

• Expect and monitor for clinical relapse and investigate thoroughly for causality; review 
adherence to antifungal therapy and consider drug–drug interactions; during treatment 
follow-up, do not escalate antifungal therapy for persistent blood antigenemia (blood 
cryptococcal antigen), persistently positive CSF cryptococcal antigen, visible cryptococci 
in CSF (without culture positivity), or abnormal CSF microscopy or biochemistry, as they 
are not necessarily indicators of microbiological failure

• Adapt and adopt these ECMM global guidelines to suit local practices, while constantly 
advocating for better antifungal access, scrutinising new trial data, and reviewing local 
data to improve patient outcomes
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treatment plans for the individual patient. See the 
appendix for more detailed text, tables, and panels 
relevant to each section. A summary of the first-line 
treatment for the different cryptococcosis syndromes is in 
figure 1.3 An explanation of the evidence grading system 
used for the recommendations throughout is in panel 1.

Populations at high risk, clinical presentations, 
and outcomes 
Primarily acquired via inhalation but occurring mainly 
upon reactivation after a period of latency, cryptococcosis 
has protean manifestations, with cryptococcal meningitis 
being the most common severe presentation. Pulmonary 
cryptococcosis is underdiagnosed and often subclinical. 
Disseminated cryptococcosis can involve any organ of 
the body, thus a thorough clinical assessment is required, 
even in individuals who appear asymptomatic.24,25 
Although classic patient populations at high risk include 
people living with HIV and solid organ transplant (SOT) 
recipients, individuals with other immunosuppressive 
conditions or receiving immunosuppressant drugs and 
people putatively immunocompetent are also affected by 
cryptococcosis (appendix pp 6, 79). Those who survive 
cryptococcosis report substantial morbidity, ranging 
from 10–70% depending on the disease syndrome and 
severity, underlying predisposing conditions of the host, 
and the health-care system in which the patient is 
managed26–29 (panel 2; appendix pp 8, 39).

Yeasts causing cryptococcosis and diagnostic 
methods 
C neoformans species complex is the predominant 
causative agent of cryptococcosis in people living with 
HIV, and Cryptococcus gattii species complex more 
commonly causes disease in people who appear 
immunocompetent. Although both can cause a similarly 
broad range of cryptococcosis syndromes, C neoformans 
has a predilection for CNS disease and C gattii is more 
often associated with pulmonary disease and large 
cryptococcomas.30–32

Diagnostic methods used to establish the diagnosis, 
extent, severity, and prognosis of cryptococcosis are 
constantly evolving (appendix pp 10, 41). Microscopy 
and culture of cerebrospinal fluid (CSF) pellet after 
centrifugation and blood culture, accompanied by CSF 
and blood (ie, serum, plasma, or whole blood) 
cryptococcal antigen testing (most commonly by lateral 
flow assay) and radiological studies, are central to 
the diagnosis of cryptococcosis (panel 3; appendix 
pp 10, 35, 41).33,34

Screening, primary prophylaxis, and pre-
emptive therapy 
Supportive evidence for cryptococcal screening is limited 
to people living with HIV and depends on blood 
cryptococcal antigen by lateral flow assay (panel 4; 
appendix p 49).

Figure 1: Recommended first-line antifungal therapy by cryptococcosis syndrome
Grading of recommendation and level of evidence in bolded red letters. Recommendation grading by shading: blue (strongly recommended; A) and yellow (moderately recommend; B). SOT=solid 
organ transplantation. C gattii=Cryptococcal gattii. w=weeks. *Isolated Cryptococcal neoformans or Cryptococcal gattii pulmonary cryptococcosis, mild is defined as asymptomatic or mildly symptomatic 
patients or with a solitary small nodule (<2 cm); whereas severe is defined as multiple lesions, large lesions (≥2 cm), lobar consolidation, cavitation, multi-lobar involvement, or hypoxaemic. †If the 
presence of Cryptococcus spp in respiratory specimens is deemed to be airway colonisation after careful evaluation and no treatment is elected, regular follow-up is recommended, especially in the 
setting of future immunosuppression. ‡Strongly preferred in cryptococcal meningitis and CNS cryptococcosis in SOT and non-HIV non-SOT patient populations, disseminated cryptococcosis, and 
severe pulmonary cryptococcosis. ‡Has not been directly compared against §. §Has only been trialled in people with cryptococcal meningitis and there are no supporting data of its use in SOT or 
non-HIV non-SOT patients or in other cryptococcosis syndromes. ¶Can consider a shorter duration (eg, 3 months) in immunocompetent individuals with mild isolated pulmonary cryptococcosis.

Cryptococcal meningitis and CNS cryptococcosis Disseminated 
(non-CNS/
non-pulmonary) 
cryptococcosis

Isolated pulmonary cryptococcosis* Direct skin 
innoculation

Fluconazole 
400 mg daily

Fluconazole 
400–800 mg daily

(AIIt) ‡Liposomal amphotericin B 3–4 mg/kg daily and flucytosine 25 mg/kg four times a day in high-income settings or 
(AI) §Liposomal amphotericin B 10 mg/kg single dose and 2 weeks of flucytosine 25 mg/kg four times a day and fluconazole 1200 mg daily in low-income 
settings

HIV

2 weeks

Consolidation: (AI) fluconazole 400–800 mg daily for 8 weeks

Maintenance: (AIIt) fluconazole 200 mg daily for 12 months

2 weeks 2 weeks≥2 weeks ≥2 weeks 4–6 weeks 4–6 weeks ¶6–12 months 3–6 months4–6 weeks
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C gattii 
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crypto-
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HIV-associated cryptococcal meningitis 
Induction therapy 
Multiple studies support the successful combination of 
amphotericin B plus flucytosine as the induction 
treatment of choice in HIV-associated cryptococcal 
meningitis. First trialled by van der Horst and colleagues, 
the addition of flucytosine to amphotericin B showed a 
trend towards improved CSF sterility at 2 weeks and 
reduced frequency of relapse.35 In a subsequent trial, this 
combination cleared cryptococci (measured as early 
fungicidal activity [EFA]) more rapidly than either 
amphotericin B alone or amphotericin B plus 
fluconazole.5 Importantly, the combination of 
amphotericin B 1 mg/kg daily plus flucytosine 25 mg/kg 
four times a day showed a survival advantage at day 70, 
compared with amphotericin B alone in the treatment of 
cryptococcal meningitis.2 The nephroprotection of 

liposomal amphotericin B compared with amphotericin B 
is long recognised and the accessibility of liposomal 
amphotericin B in high-income settings led to the 
establishment of liposomal amphotericin B 3–4 mg/kg 
daily plus flucytosine 25 mg/kg four times a day for 
2 weeks as the standard.

In low-income settings, challenges with antifungal 
access, adverse effects, and difficulty of monitoring and 
safely managing 2 weeks of amphotericin B induction 
treatment led to phase 2 studies exploring alternative 
regimens. Fluconazole monotherapy, even at doses up 
to 1200 mg daily, was associated with approximately 
50% mortality at 10 weeks and up to 75% mortality at 
1 year.36–38 An oral combination of fluconazole 1200 mg 
daily plus flucytosine 25 mg/kg four times a day was 
associated with a significant improvement in EFA 
compared with fluconazole alone.39 The addition of a 
short, 5–7 day course of amphotericin B at 1 mg/kg daily 
to oral fluconazole or combined oral fluconazole and 
flucytosine showed improved rates of cryptococcal 
clearance,40,41 similar to rates observed with 14 days of 
amphotericin B.

In the phase 3 ACTA trial conducted in centres in 
Africa the oral combination of fluconazole 1200 mg daily 
and flucytosine 25 mg/kg four times a day for 2 weeks 
was compared with 1 week of amphotericin B 1 mg/kg 
daily and 2 weeks of amphotericin B 1 mg/kg daily as 
induction therapy, with the amphotericin B groups 

Panel 1: Grade of recommendation and level of evidence

This guideline follows the structure and definitions of 
previous European Confederation of Medical Mycology 
guidelines on invasive fungal infections,22,23 which are in 
accordance with the Grading of Recommendations 
Assessment, Development and Evaluation and Appraisal of 
Guidelines for Research & Evaluation systems, as previously 
described. Strength of recommendation and quality of 
evidence are provided.

Grade of recommendation
• A: the guideline group strongly supports a 

recommendation for use
• B: the guideline group moderately supports a 

recommendation for use
• C: the guideline group marginally supports a 

recommendation for use
• D: the guideline group supports a recommendation 

against use

Level of evidence
• I: evidence from at least one well-designed randomised 

controlled trial (RCT)
• II: evidence from at least one well-designed clinical trial, 

without randomisation; from cohort or case-controlled 
analytic studies (preferably from >1 centre); from multiple 
time series; or from results of uncontrolled experiments

• III: evidence from opinions of respected authorities, based 
on clinical experience, descriptive case studies, or reports 
of expert committees

Added index for source of level II evidence
• r: meta-analysis or systematic review of RCT
• t: transferred evidence (ie, results from different patient 

cohorts or similar immune-status situations)
• h: historical control as control group
• u: uncontrolled trials
• a: for published abstract presented at an international 

symposium or meeting

Panel 2: Recommendations for populations at high risk, 
clinical presentations, and outcomes 

• (AIII) Cryptococcosis should be considered in any patient 
presenting with compatible symptoms or microbiology, 
regardless of their immune status. 

• (AIII) Among patients without known predisposition to 
cryptococcosis, exclusion of an underlying 
immunodeficiency (eg, performing HIV serology and CD4 
T-cell count) is recommended

Panel 3: Recommendations for yeast causing 
cryptococcosis and diagnostic methods

(AIIt) All patients with suspected or confirmed cryptococcosis 
(including cryptococcal antigenemia) require clinical 
assessment for CNS, pulmonary, and other body site 
involvement. 

Investigations for disseminated disease should include: 
• Lumbar puncture with measurement of CSF opening 

pressure, glucose, protein, cell counts, microscopy, and 
culture and quantification of CSF cryptococcal antigen

• Quantification of blood cryptococcal antigen and cultures 
of blood, sputum (or other respiratory specimens), 
or other affected sites

• Brain imaging (preferably MRI) and chest imaging 
(preferably CT)
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being further randomly assigned to either fluconazole 
1200 mg daily or flucytosine 25 mg/kg four times a day.7 
1 week of amphotericin B 1 mg/kg daily plus flucytosine 
followed by fluconazole 1200 mg daily in the second 
week was the best-performing induction group, with 
a 24% 10-week mortality rate. This regimen was adopted 
as the preferred 10-week induction regimen by WHO 
and southern African guidelines until the AMBITION-
cm study.16,18

In the AMBITION-cm phase 3 study, which had sites 
across Africa, a single initial 10 mg/kg dose of liposomal 
amphotericin B with oral fluconazole 1200 mg daily plus 
flucytosine 25 mg/kg four times a day for 2 weeks was 
compared with the WHO recommendation of 1 week of 
amphotericin B 1 mg/kg daily plus flucytosine followed 
by 1 week of fluconazole 1200 mg daily.6 This new 
regimen met non-inferiority criteria (10-week mortality 
24·8% vs 28·7%) with similar EFAs and was significantly 
better tolerated. The WHO guidelines now recommend 
the AMBITION-cm regimen as the preferred antifungal 
therapy in people living with HIV and cryptococcal 
meningitis.10

The applicability of the ACTA and AMBITION-cm 
trials to high-income settings and in non-HIV 

populations is contentious. The standard regimen is 
liposomal amphotericin B 3–4 mg/kg daily plus 
flucytosine 25 mg/kg four times a day for 2 weeks, 
which is different to the comparators used in the trials. 
Retrospective database reviews in the USA showed low 
rates of acute inpatient mortality from cryptococcal 
meningitis (10·5% in HIV-cryptococcal meningitis and 
13·3% in non-HIV cryptococcal meningitis) and a 
remarkably low mortality rate at 1 year of 11·6% in the 
past two decades.42,43 The reliance on high-dose 
fluconazole and flucytosine as the basis of induction 
therapy in the AMBITION-cm study might not be 
pragmatic in high-income settings, where more 
comorbidities occur, potential drug–drug interactions 
need to be carefully considered, and the risk of 
hepatotoxicity is less tolerated than in low-income 
settings. In the USA, only a third of patients completed 
the 14 days of flucytosine.44 Although some experts 
support the inclusion of the AMBITION-cm triple 
regimen as a primary option in high-income settings, 
other experts call for further comparative trials in high-
income settings to assess the regimen’s effect in 
patients with HIV and patients without HIV (in whom 
no supporting data exist). Regardless of the induction 
antifungal regimen used, the complications of 
cryptococcal meningitis, such as increased intracranial 
pressure, require intense clinical monitoring, and most 
patients with cryptococcal meningitis require inpatient 
care for 1–2 weeks or more.

Mycological success, defined as cryptococcocal culture 
negativity (also termed CSF sterility) has been associated 
with improved outcomes and reduced clinical relapse.45 
In people living with HIV and cryptococcal meningitis, 
CSF sterility before ART commencement has been 
shown to be associated with reduced occurrence of 
neurological deterioration, microbiological relapse, and 
cryptococcosis-associated immune reconstitution 
inflammatory syndrome (C-IRIS).45 Some treatment 
guidelines advocate performing a lumbar puncture after 
2 weeks of induction therapy (before changing to 
consolidation therapy) to assess CSF culture sterility as 
a marker of successful induction.11,15,18,20 Other 
guidelines—particularly those focused on low-income 
settings—do not.10,16

Consolidation and maintenance therapy 
There have been no trials of consolidation and 
maintenance therapy in cryptococcal meningitis within 
the past two decades. Two early studies established 
400 mg daily fluconazole for consolidation therapy.35,46 
With the accumulation of safety data of a 800 mg 
fluconazole daily dose and evidence of a fluconazole dose-
response effect,36,47 this regimen is the preferred 
consolidation dose in low-income settings, where 
suboptimal antifungal regimens are used.16,18 A gradual 
rise in median fluconazole minimum inhibitory 
concentrations (MICs) in cryptococcal isolates collected 

Panel 4: Recommendations for screening, primary 
prophylaxis, and pre-emptive therapy

Adults living with HIV who are antiretroviral therapy (ART)-
naive or after a period of ART discontinuation with less than 
200 CD4 cells per mm³ must have:
• (AI) A lateral flow assay of blood cryptococcal antigen for 

the screening of cryptococcosis and the cryptococcal 
antigen titre should be measured if positive

• (AIIt) All patients with cryptococcal antigenaemia should 
be carefully assessed and investigated for cryptococcosis 
and treated as appropriate 

• (AIIu) In people living with HIV who have asymptomatic 
cryptococcal antigenaemia but without clinical 
cryptococcosis after thorough investigation (including at 
least a lumbar puncture), fluconazole 1200 mg daily for 
2 weeks (when ART can be initiated), followed by 
fluconazole 800 mg daily for 8 weeks, and 200 mg daily 
thereafter for 6 months is recommended (guidance 
might be updated contingent on results of prospective 
trials)

• (BI) In clinical settings where cryptococcal antigen lateral 
flow antigen screening is not available (despite WHO’s 
strong recommendations), universal primary prophylaxis 
with fluconazole 100 mg daily in people living with HIV in 
high endemic areas with a CD4 count of less than 
200 cells per mm³ is recommended

In patients without HIV:
• (DIIu) Routine blood cryptococcal antigen screening, 

primary prophylaxis, and pre-emptive therapy are not 
recommended
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Figure 2: Management algorithm for cryptococcal meningitis and cryptococcal meningoencephalitis in people with HIV
ART=antiretroviral therapy. CSF=cerebrospinal fluid.

Cryptococcal meningitis in 
people with HIV

Induction therapy for 2 weeks
Preferred
(AIIt) Liposomal amphotericin B 3–4 mg/kg daily and 
flucytosine 25 mg/kg four times a day in high-income 
settings 
Or
(AI) A single dose of liposomal amphotericin B 
10 mg/kg with 14 days of flucytosine 25 mg/kg 
four times a day and fluconazole 1200 mg daily in 
low-income settings 

(Allt) Proactive intracranial pressure management 
with therapeutic lumbar punctures 

(CIIu) Consider performing a lumbar puncture at the 
end of the second week of induction therapy to check 
for CSF sterility 

(AI) Start consolidation therapy: fluconazole 
400–800 mg  daily for 8 weeks 

(AI) Start antiretroviral therapy 4–6 weeks after 
cryptococcal meningitis diagnosis and treatment 

Start maintenance therapy: fluconazole 200 mg daily 
for 12 months or until immune restoration

(CIIu) Consider prolonging 
induction therapy 

CSF cryptococcocal
culture positive?

No

Yes

CSF cryptococcocal
culture positive?

Any
alternative causes?

No

No

YesYes

(Allu) Check drug interactions and drug adherence; 
optimise accordingly 

(AIIt) Perform CT or MRI brain and lumbar puncture 
for opening pressure, send CSF for analysis and 
culture 

Microbiological relapse

Probable cryptococcosis-associated immune 
reconstitution inflammatory syndrome

(AIII) Treat other causes 
as appropriate

(AIIu) Continue antifungal therapy 

(DI) Do not stop ART 

(BIII) Consider prednisolone or dexamethasone 
(wean over 4–6 weeks)

(BIII) Perform antifungal 
susceptibility testing 

(BIII) Restart induction therapy 

Recurrent 
symptoms?

No

Yes

(BIIu) Cease maintenance therapy after 12 months 
of antifungal therapy in patients aviremic on ART 
with CD4 count >100 cells per mm3 

(Alll) Restart maintenance therapy if CD4 count 
<100 cells per mm3 

A. Strongly recommended
B. Moderately recommended
C. Marginally recommended
D. Recommended against

Grades of recommendation
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Panel 5: Ten principles of cryptococcal meningitis management

The key principles in cryptococcal meningitis management are 
best read in context (see relevant sections in main text). 
Although most evidence and recommendations are derived 
from cryptococcal meningitis in people living with HIV, many of 
these principles are translatable to non-HIV settings.

1) Selectively screen, risk-stratify, and investigate for 
cryptococcosis
This principle is specific to people with HIV and cryptococcal 
meningitis (panel 4).

2) Provide best fungicidal induction regimen possible 
• (AIIt) Liposomal amphotericin B 3–4 mg/kg daily plus 

flucytosine 25 mg/kg four times a day for 2 weeks (preferred 
in high-income settings and strongly recommended in SOT 
and non-HIV non-SOT settings); or (AI) a single dose of 
liposomal amphotericin B 10 mg/kg with 14 days of 
flucytosine 25 mg/kg four times a day and fluconazole 
1200 mg daily (note: only trialled in people living with HIV 
in low-income settings).

• (CIIu) Consider performing a lumbar puncture at the end of 
the first or second week of induction therapy to check for 
CSF sterility before ART commencement.

• (CIIu) Consider prolonging induction therapy if CSF is 
persistently culture positive at 2 weeks.

• (BIII) In Cryptococcus gattii CNS infection occurring in non-
HIV patients or CNS cryptococcoma consider extending 
induction therapy to 4–6 weeks.

3) Monitor for and minimise drug toxic effects 
• (AIIu) In-hospital care for the first 1–2 weeks is encouraged 

to manage the major early complications seen with 
cryptococcal meningitis management.

• (AIIu) The use of amphotericin B and liposomal 
amphotericin B should be accompanied by pre-hydration 
and aggressive potassium and magnesium replacement 
therapy.

• (AIIu) Frequent (at least every alternate day) complete 
blood counts, renal function tests, and electrolyte 
measurements are recommended to assess for therapy-
related nephrotoxicity and bone marrow, fluid, and 
electrolyte changes. Liver function tests at baseline and at 
least weekly are recommended.

• See appendix pp 16, 30.

4) Manage raised intracranial pressure 
• (AIIu) Opening pressure should be measured at every 

lumbar puncture in patients with cryptococcal meningitis.
• (Allt) Acute symptomatic elevation of the intracranial 

pressure (≥20 cm of CSF) should be managed by daily 
therapeutic lumbar punctures (ie, removal of sufficient CSF, 
usually around 20–30 mL) to reduce the pressure to 50% of 
opening pressure or to a normal pressure of ≤20 cm of CSF 
(documented as a closing pressure).

• (BIIu) Perform a scheduled therapeutic lumbar puncture 
48–72 h after initial lumbar puncture or 7 days, regardless of 
initial opening pressure.

• (Allt) Persistent raised symptomatic intracranial pressure 
despite therapeutic lumbar punctures should be managed 
by surgical decompression via temporary lumbar drainage, 
shunting, or ventriculostomy, depending on local expertise 
and resources.

5) Look for an underlying immunosuppressive state 
Exploring for an immunosuppressive state—particularly, but 
not limited to, HIV infection—is important in the management 
of cryptococcosis.
• (AIII) Among patients without known predisposition to 

cryptococcosis, exclusion of an underlying 
immunodeficiency (including performing HIV serology and 
CD4 T-cell count) is recommended in all patients with 
cryptococcosis.

• (BIII) Individuals without a known risk factor for 
disseminated cryptococcosis, particularly those with a 
history of other atypical fungal, mycobacterial, or bacterial 
infections, should be considered for evaluation of an 
undiagnosed immunodeficiency, preferably in consultation 
with a clinical immunologist (appendix pp 6, 79).

6) Provide and ensure adherence to consolidation and 
maintenance therapy 
• Consolidation (8 weeks): (AI) Fluconazole 400–800 mg 

daily. 800 mg is preferred in low-income settings.
• Maintenance (12 months or until immune restoration): 

(AIIt) Fluconazole 200 mg daily.
• (AIIu) Check for drug–drug interactions and adjust the dose 

as necessary.
• (AIII) Close therapeutic drug monitoring of tacrolimus, 

cyclosporine, and sirolimus levels and dose reduction of 
these agents are recommended when azoles are 
co-administered.73,74

7) Optimal commencement of ART in people with HIV 
This principle is specific to people with HIV and cryptococcal 
meningitis.
• (DI) Immediate or very early commencement of ART is not 

recommended.
• If there is inadequate access to antifungal induction therapy, 

(AI) delay ART for 4–6 weeks.
• If there is adequate access to antifungal induction therapy, 

(BIIu) consider further individualisation, taking into 
consideration resolution of symptoms and signs of 
cryptococcal meningitis and intracranial pressure (including 
normalisation of opening pressure), attainment of 
CSF cryptococcal sterility, successful identification and 
management of concurrent co-infections and other 
AIDS-defining illnesses, the patient’s readiness for ART, and 

(Continues on next page)
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during initial cryptococcal meningitis presentation have 
been reported in South Africa and Uganda.48,49 Although 
this evidence could lend support for a higher consolidation 
dose of 800 mg daily of fluconazole in these settings, 
whether this regimen is required across all patient groups 
and settings is contentious. Widespread fluconazole use 
could also perpetuate further rises in MICs.

Maintenance therapy with fluconazole 200 mg daily 
has been shown to be highly effective at preventing 
relapse, superior to weekly amphotericin B and 
itraconazole capsules.50–52 Rarely, triazoles, such as 
voriconazole,53–60 posaconazole,61–63 or isavuconazole,64,65 
are used as alternatives to fluconazole due to concerns of 
fluconazole resistance, drug toxicity, or drug–drug 
interactions. Notably, none of the newer triazoles have 
been formally trialled in cryptococcosis and none are 
readily available in low-income settings (appendix p 30).

A low incidence of cryptococcal meningitis relapse is 
observed after a minimum of 1 year of antifungal therapy 
in people living with HIV established on ART, who are 
virologically suppressed or have a CD4 count more than 
100 cells/mm³.66–72

A management algorithm is described in figure 2 and 
key principles are discussed in panel 5. Recommendations 

for cryptococcal meningitis treatment in people living 
with HIV are based on the availability of antifungal 
drugs. Preferred and alternative strategies are offered in 
figure 3 and figure 4A.

Adjunctive therapy 
In the past decade, trials of adjunctive treatment in HIV-
associated cryptococcal meningitis have all been shown 
to be ineffective, and in some cases harmful. These 
include high-dose dexamethasone,75 sertraline,76,77 and 
tamoxifen.78 The debate regarding adjunctive exogenous 
interferon(IFN)-γ is unresolved. IFN-γ has been studied 
in two randomised trials of HIV-associated cryptococcal 
meningitis, which suggested faster clearance of yeasts in 
the CSF,79,80 but further studies are needed. There is no 
trial evidence supporting its use in non-HIV-associated 
cryptococcal meningitis (appendix p 65).

Cryptococcal meningitis in SOT recipients 
Cryptococcosis is the third most common invasive fungal 
infection in SOT recipients, with an incidence 
of 4·5–33·8%26,28,29 and causing considerable mortality.12 
SOT recipients encompass a third of non-HIV-related 
cryptococcosis in the USA.81 The majority of cryptococcosis 

(Panel 5 continued from previous page)

 local experience of cryptococcal meningitis and 
cryptococcosis-associated immune reconstitution 
inflammatory syndrome (C-IRIS) management (usual range 
is 4–6 weeks).

8) Monitor for clinical relapse and investigate causality
• (AIIt) Investigate thoroughly for causality (ie, CNS and 

non-CNS and infective and non-infective) in cases of 
apparent clinical relapse. Investigations should include CT or 
MRI of the brain, lumbar puncture for opening pressure, and 
CSF analyses including microscopy and culture.

• (AIIu) Review adherence to antifungal therapy, ART, 
immunosuppressants, and other medications and consider 
drug–drug interactions. Perform therapeutic drug 
monitoring if applicable. Optimise control of underlying 
diseases.

• (Dllu) The use of follow-up blood or CSF cryptococcal 
antigen (including monitoring of titres) for clinical decision 
making is discouraged.

• (Dllu) Do not escalate antifungal therapy for persistent 
blood antigenemia, persistently positive CSF cryptococcal 
antigen, visible cryptococci in CSF (without culture 
positivity), or abnormal CSF microscopy or biochemistry. 
These are not necessarily indicators of microbiological 
failure.

9) Evaluate for drug adherence, drug–drug interactions, and 
drug resistance 
This principle is specific to people with culture-positive 
(microbiological) persistence or relapse.

• (BIII) Antifungal susceptibility testing should be done 
concurrently on all initial and relapse isolates (if stored and 
available). An increase in fluconazole minimum inhibitory 
concentration of >2 dilutions is concerning for the potential 
development of drug resistance.

• (BIII) Consider recommencing induction therapy with a 
more optimal regimen that is guided by antifungal 
susceptibility testing.

10) Carefully exclude alternative diagnoses before 
attributing clinical relapse to C-IRIS 
• (Allt) For patients with suspected paradoxical C-IRIS, 

carefully exclude recurrent cryptococcal disease or new 
infective or non-infective conditions before attributing 
symptoms and signs to C-IRIS. Perform a brain MRI and 
lumbar puncture to measure opening pressure and get CSF 
for microbiological, cellular, and biochemical analyses.

• (AIIu) Treatment of C-IRIS should include therapeutic 
lumbar puncture and symptomatic therapy, such as 
analgesia, antiemetics, and antiepileptics if appropriate.

• (AIII) Continue antifungal therapy.
• (Blll) High-dose prednisolone or prednisone (usually 

0·5–1·0 mg/kg daily) or dexamethasone (usually 
0·2–0·3 mg/kg daily), weaned over 4–6 weeks can be 
considered in those with persistent symptoms who are 
unresponsive to therapeutic lumbar punctures. Rarely, 
a second steroid course with taper is needed.

• (DIII) Do not stop ART.
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in SOT occurs late (ie, months or years after 
transplantation) and is due to reactivated disease; however, 
acute donor-derived infections have been described.14,82,83

Anti-rejection drugs vary in their degree of immuno-
suppression and heart and small bowel transplant 
recipients are at the highest cryptococcal meningitis 
risk.84 CNS and pulmonary cryptococcosis dominate but 
unusual manifestations, including cutaneous disease85,86 
and pericarditis,87 have been reported. Notably, blood 
cryptococcal antigen can be negative in SOT recipients 
with cryptococcosis, particularly those with single 
pulmonary nodules or in lung transplant recipients.88

There are no randomised treatment trials targeted 
specifically at SOT recipients; hence, recommendations 
are extrapolated from evidence in people living with HIV. 
The use of lipid-formulations in SOT recipients with 
CNS cryptococcosis was independently associated with 
reduced mortality compared with amphotericin B.89 The 
AMBITION-cm regimen has not been studied in 
non-HIV patients, and the evidence for high dose 
fluconazole (with the ensuant potential toxicity and drug–
drug interactions) in this group is absent. A precipitous 
reduction in dosing of immuno suppressants, particularly 
calcineurin inhibitors, can lead to C-IRIS.90 Figure 4B 
contains recommendations for treatment in SOT 
recipients (appendix p 62).

Cryptococcal meningitis in people without HIV 
or SOT 
The group of people without HIV or SOT is heterogeneous, 
ranging from apparently healthy people to those with 
haematological malignancies or liver cirrhosis. There is 

no single therapeutic regimen or duration that meets all 
patients’ needs, but the therapeutic principles mirror 
cryptococcal meningitis treatment in high-income 
settings, with liposomal amphotericin B 3–4 mg/kg daily 
and flucytosine  25 mg/kg four times a day as induction 
therapy. Induction therapy can be extended in those with 
persistently positive CSF cultures or persistent symptoms 
at 2 weeks. In 2022, the combination of liposomal 
amphotericin B and flucytosine was shown to have a low 
acute mortality of 6% in a nationwide observational study 
of non-HIV-associated cryptococcal meningitis in Japan.91 
Figure 4B contains recommendations for treatment in 
people without HIV or SOT (appendix pp 18, 62).

Pulmonary cryptococcosis 
There are no randomised treatment studies in pulmonary 
crypto coccosis. Case series and clinical knowledge 
suggest that for patients with cryptococcaemia and 
evidence of CNS involvement, those with blood 
cryptococcal antigen titres more than 1:512 by latex 
agglutination (or ten-fold higher by lateral flow assay),92 or 
severe pulmonary disease should be treated as 
cryptococcal meningitis.33,35,93,94 Patients with mild isolated 
pulmonary disease without cryptococcoma have been 
successfully treated with fluconazole monotherapy of 

Figure 3: HIV-cryptococcal meningitis antifungal induction treatment recommendations by antifungal drug availability
Grading of recommendation and level of evidence in bolded red letters. *Has not been compared with †. †Has only been trialled in HIV-cryptococcal meningitis. ‡Amphotericin B: 1 mg/kg showed 
earlier fungicidal activity than 0·7 mg/kg, but some institutions use the low dose due to toxicity concerns. §Fluconazole induction doses of up to 1200 mg daily have been trialled but caution is advised; 
consider drug–drug interaction and liver toxicity. ¶Polyene antimycotic includes amphotericin B formulations such as conventional deoxycholate amphotericin B, liposomal amphotericin B, and 
amphotericin B lipid complex.

*Liposomal amphotericin B 3–4 mg/kg daily 
and flucytosine 25 mg/kg four times a day 
for 2 weeks Allt

‡Amphotericin B 0·7–1 mg/kg daily and 
flucytosine 25 mg/kg four times a day for 
2 weeks BI

Liposomal amphotericin B 3–4 mg/kg daily 
and §fluconazole 800–1200 mg daily for 
2 weeks BIII

All available

Antifungal availability

No liposomal amphotericin B available

No liposomal amphotericin B or 
amphotericin B lipid complex available

No flucytosine available

No ¶polyene antimycotic available

Only fluconazole available

Amphotericin B lipid complex 5 mg/kg daily 
and §fluconazole 800–1200 mg daily for 
2 weeks BIII

Flucytosine 25 mg/kg four times a day and 
§fluconazole 800–1200 mg daily for 2 weeks 
BI

§Fluconazole 800–1200 mg daily for 2 weeks 
CI

†Amphotericin B 0·7–1 mg/kg daily and 
§fluconazole 800–1200 mg daily for 2 weeks
 BI

‡Amphotericin B 1 mg/kg daily and 
flucytosine 25 mg/kg four times a day for one 
week, followed by fluconazole 1200 mg for 
one week BI

†Single dose 10 mg/kg liposomal 
amphotericin B with 14 days of flucytosine 
25 mg/kg four times a day and fluconazole 
1200 mg daily AI

Amphotericin B lipid complex 5 mg/kg daily 
and flucytosine 25 mg/kg four times a day 
for 2 weeks BII

A. Strongly recommended
B. Moderately recommended
C. Marginally recommended

Grades of recommendation

Figure 4: Antifungal treatment recommendations for cryptococcal 
meningitis 

(A) Recommendations for people with HIV. (B) Recommendations for SOT 
recipients and patients without HIV or SOT. SOT=solid organ transplant. 

CSF=cerebrospinal fluid. TDM=therapeutic drug monitoring.
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SOT recipients and people without HIV or SOT 

Induction (2 weeks)
(AIIt) Liposomal amphotericin B 3–4 mg/kg daily plus flucytosine 
25 mg/kg four times a day (preferred in high-income settings); or 
(AI) Single dose liposomal amphotericin B 10 mg/kg and 14 days 
of flucytosine 25 mg/kg four times a day and fluconazole 1200 mg 
daily (recommended in low-income settings)

If liposomal amphotericin B is not available: 
(BIIt) Amphotericin B lipid complex 5 mg/kg daily plus flucytosine 
25 mg/kg four times a day

If liposomal amphotericin B and amphotericin B lipid complex 
are not available:
(BI) Amphotericin B 0·7–1·0 mg/kg daily plus flucytosine 25 mg/kg 
four times a day; or 
(BI) Amphotericin B 1 mg/kg daily and 5-flucytosine 
25 mg/kg four times a day for 1 week, followed by fluconazole 
1200 mg daily for 1 week

If flucytosine is not available: 
(BIII) Liposomal amphotericin B 3–4 mg/kg daily plus fluconazole 
800–1200 mg daily; 
(BIII) Amphotericin B lipid complex 5 mg/kg daily plus fluconazole 
800–1200 mg daily; or 
(BI) Amphotericin B 0·7–1 mg/kg daily plus fluconazole 
800–1200 mg daily

If amphotericin B-based therapies are not available: 
(BI) Flucytosine 25 mg/kg four times a day and fluconazole 
800–1200 mg daily

If only fluconazole is available:
(CI) Fluconazole 800–1200 mg daily

Induction (minimum 2 weeks) 
(AIIt) Liposomal amphotericin B 3–4 mg/kg daily plus flucytosine 
25 mg/kg four times a day

If liposomal amphotericin B is not available:
(BIIt) Amphotericin B lipid complex 5 mg/kg daily plus 
flucytosine 25 mg/kg four times a day

If liposomal amphotericin B and amphotericin B lipid complex 
are not available:
(BIIt) Amphotericin B 0·7–1·0 mg/kg daily plus flucytosine 
25 mg/kg four times a day

If amphotericin B-based therapies are not able to be used:
(CIIt) flucytosine 25 mg/kg four times a day plus fluconazole 
800–1200 mg daily

Comments:
• (AIIu) Opening pressure should be measured at every lumbar puncture in patients with cryptococcal meningitis 
• (AIIu) The use of amphotericin B and liposomal amphotericin B should be accompanied by pre-hydration and aggressive 

potassium and magnesium replacement therapy
• (AIIu) In-hospital care for the first 1–2 weeks is encouraged to manage the early complications of cryptococcal meningitis therapy
• (BIII) Monitoring of flucytosine drug concentration is recommended, where available and if timely; particularly with renal 

dysfunction
• (AIIu) Check for drug–drug interactions and adjust doses as necessary
• (CIIu) Consider performing a lumbar puncture at the end of the first or second week of induction therapy to check for CSF sterility 

before antiretroviral therapy (ART) commencement
• (CIIu) Consider prolonging induction therapy if CSF is persistently culture positive at 2 weeks
• (CIIt) Adjunctive recombinant interferon-γ might be considered for persistently positive CSF yeast cultures in people with 

HIV-associated cryptococcal meningitis who have evidence of poor inflammatory responses or persistently positive cryptococcal 
CSF culture after prolonged antifungal therapy

• (DI) The routine use of high-dose dexamethasone in cryptococcal meningitis is not recommended
• (CIII) A short course of dexamethasone can be considered for specific indications such as symptomatic space-occupying lesions in 

the CNS with surrounding oedema or mass effect and cerebral vasculitis
• (BIIu) Cease maintenance therapy after 12 months of antifungal therapy in patients aviraemic on ART with a CD4 count more 

than 100 cells per mm³
• (AIII) Restart maintenance therapy if CD4 count drops to less than 100 cells per mm³

Comments:
• Recommendations in HIV patient population are also applicable
• (AIII) Induction therapy with liposomal amphotericin B and flucytosine should be considered for any disseminated disease or 

isolation from a sterile site (even in the absence of CNS manifestations)
• (AIII) Close monitoring of tacrolimus, cyclosporine, and sirolimus concentrations (TDM) and dose reduction of these agents are 

recommended when azoles are co-administered73,74

• (BIII) Immunosuppressant doses need to be carefully adjusted to allow effective killing of yeasts but should be reduced slowly to 
avoid precipitating cryptococcosis-associated immune reconstitution inflammatory syndrome; consider a sequential or stepwise 
reduction of immunosuppressants with careful lowering of corticosteroids early and eliminating mycophenolate before 
considering reduction of the calcineurin inhibitors because of their direct anticryptococcal activity

• (CIII) In a patient treated for cryptococcosis, retransplantation or a new organ transplant can be considered, provided viable 
yeasts have been cleared from CSF and the patient is asymptomatic after receiving 12 months of anticryptococcal treatment

(BIII) Voriconazole 200 mg twice a day (with TDM)

(BIII) Posaconazole 300 mg daily (with TDM)

(BIII) Isavuconazole 200 mg daily

(CIIt) Itraconazole 200 mg twice a day (with TDM)

(BIII) Voriconazole 200 mg twice a day (with TDM)

(BIII) Posaconazole 300 mg daily (with TDM)

(BIII) Isavuconazole 200 mg daily

(CIIt) Itraconazole 200 mg twice a day (with TDM)

Consolidation (8 weeks)
(AI) Fluconazole 400–800 mg daily (800 mg preferred in 
low-income settings)

Maintenance (12 months or until immune restoration) 
(AIIt) Fluconazole 200 mg daily

Consolidation (8 weeks)
(AIIt) Fluconazole 400–800 mg daily

Maintenance (12 months)
(AIIt) Fluconazole 200 mg daily

A. Strongly recommended
B. Moderately recommended
C. Marginally recommended

Grades of recommendation

A People with HIV

B

First-line therapies

First-line therapies

Alternative therapies

Alternative therapies

D 
D 
D 
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400 mg daily.93,95,96 Some clinicians consider watchful-
waiting and elect not to treat asymp tomatic immuno-
competent people who incidentally culture any 
Cryptococcus spp in their sputum and have no radiological 
features of pulmonary cryptococcosis, as they consider 
this presentation to be airway colonisation.97 Criteria for 
distinguishing colonisation from infection is uncertain 
(panel 6; appendix pp 22, 67).

Non-pulmonary non-CNS disease 
Cryptococcosis can affect any organ following 
haematogenous dissemination. Clinical presentation of 
non-CNS non-pulmonary disease without fungaemia 
is rare, but possible. The absence of documented 
fungaemia does not exclude dissemination. Barring 
direct inoculation into the skin following trauma, extra-
pulmonary disease is by definition disseminated disease 
and generally requires consideration for aggressive 
induction therapy. There are no clinical treatment trials 
for non-pulmonary non-CNS cryptococcosis.

Importantly, visual changes noted in cryptococcal 
meningitis are frequently related to raised intracranial 

pressure and do not necessarily indicate direct eye 
involvement. Ocular cryptococcosis can occur98,99 but 
is unusual and requires formal ophthalmological 
documentation and management. Isolated skeletal 
osteomyelitis is rare and often requires a combined 
surgical and medical approach.100–102 Skin lesions might 
be polymorphic (panel 7; appendix p 67). 

Specific management issues 
Raised intracranial pressure 
Increased intracranial pressure has been associated with 
a high burden of cryptococci, leading to both acute and 
chronic symptoms and signs (eg, visual and hearing loss) 
and decreased short-term survival. Clinical experience 
has shown that CSF outflow obstruction can be improved 
by removal of CSF; observational studies suggested that 
scheduled therapeutic lumbar punctures result in 
substantial improvement in survival, regardless of 
opening pressure.103,104 For prolonged control of acute 
increased intracranial pressure, use of lumbar drains in 
cases without hydrocephaly or ventriculostomies in 
cases with hydrocephaly might be required.105–107 
Medical therapies including acetazolamide, mannitol, 
and corticosteroids can be detrimental (panel 8; 
appendix p 79).108,109

Timing of ART commencement 
The optimal time to commence ART for HIV infection 
during cryptococcosis is controversial. Four randomised 
trials3,110–112 to find out the optimal timing of ART initiation 
in HIV-cryptococcal meningitis co-infection have been 
done in low-income settings, using induction regimens 
that are not currently preferred, including fluconazole 
(800 mg daily) monotherapy,110 amphotericin B 0·7 mg/kg 
daily,111 and amphotericin B 0·7–1 mg/kg daily and 
fluconazole 800 mg daily for 2 weeks. These data seem to 
suggest that initiating ART within 2 weeks of cryptococcal 
meningitis presentation is too early in the setting of 
suboptimal antifungal therapy, and that delaying ART 
initiation for 4–6 weeks reduces the incidence of C-IRIS 
and death. CSF sterility before ART commencement 
might be another factor.45 A retrospective analysis of 
combined cohorts in high-income settings did not show 
higher mortality in those receiving early ART in the first 
two weeks of antifungal therapy compared with those 
with delayed therapy.113 Early ART in high-income settings 
will need careful justification and close monitoring; 
further randomised studies might be helpful.114

There are no studies for timing ART initiation in other 
forms of cryptococcosis, those with cryptococcal 
antigenemia, or those recommencing ART after a period 
of interruption. Early concerns that potent integrase 
inhibitors pose an increased risk of C-IRIS have been 
disproven.115 Whether those presenting with cryptococcal 
meningitis within 2 weeks of starting ART require 
withholding of ART is uncertain (panel 9; appendix 
p 70).116–118 

Panel 6: Recommendations for pulmonary cryptococcosis

• Stratify treatment by disease severity and presence of 
pulmonary cryptococcoma (appendix pp 22, 67, 84)

• Isolated pulmonary cryptococcosis in immunocompetent 
or immunocompromised host:
• (AIIu) Severe disease: as for CNS disease
• (BIIu) Mild disease: fluconazole 400 mg daily for 

6–12 months (range guided by symptom resolution)
• Pulmonary cryptococcosis with CNS manifestations or 

other evidence of dissemination (eg, cryptococcaemia or 
skin lesions)
• (AIIt) as for CNS disease

• (AIII) If the presence of Cryptococcus spp in respiratory 
specimen is deemed as airway colonisation after careful 
evaluation and no treatment is elected, regular follow-up 
is recommended, especially in the setting of future 
immunosuppression

• Pulmonary cryptococcoma (see cryptococcoma section)

Panel 7: Recommendations for non-pulmonary non-CNS 
disease

• (AIIu) The recommendation for cryptococcaemia is to 
treat the same as for CNS disease

• (AIII) The recommendation for primary cutaneous (skin) 
cryptococcosis, attributed to direct inoculation without 
evidence of dissemination, is fluconazole 400 mg daily for 
3–6 months or until healed

• (BIIu) For all other non-CNS non-pulmonary disseminated 
disease treat the same as CNS disease

• (BIIu) Cryptococcal eye disease should be managed in 
collaboration with an ophthalmologist
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Resistance to antifungals 
Developing secondary resistance to flucytosine is common 
when given as monotherapy, necessitating its use with a 
partner drug in cryptococcosis. Acquired resistance to 
polyenes, such as amphotericin B, is rare, but the 
emergence of fluconazole resistance is concerning.48,49,119 
Fluconazole monotherapy as induction therapy has been 
associated with secondary resistance.120–123

There are no clinical MIC breakpoints for fluconazole 
against Cryptococcus spp and insufficient data to suggest 
that high MICs imply worse outcomes. Interpretation of 
epidemiological cutoff values with the Clinical and 
Laboratory Standards Institute (CLSI) method for 
fluconazole requires accurate species identification. The 
epidemiological cutoff values is 8 ug/mL for C neoformans 
VNI, 16 ug/mL for C gattii VGI, and 32 ug/mL for 
Cryptococcus deuterogattii VGII.124 In principle, a higher 
than two-fold increase in MIC during treatment could 
suggest development of resistance and the need for 
closer clinical monitoring. There are no European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST) epidemiological cutoff values available for 
fluconazole (panel 10; appendix p 72).

Cryptococcal persistence, clinical relapse, and culture-
positive (microbiological) relapse 
Distinguishing clinical relapse from persistent crypto-
coccal infection is challenging. Clinical relapse can be due 
to a microbiological relapse, C-IRIS, raised intra cranial 
pressure (whether related to C-IRIS or not), or other 

infective and non-infective (CNS and non-CNS) causes 
(figure 2). Cryptococcal antigen persists in the CSF and 
blood, thus it has little clinical utility in distinguishing 
clinical responders from non- responders.125 Most cases of 
culture-positive (micro biological) relapse occur early and 
result from inadequate or suboptimal induction therapy 
or early discontinuation of consolidation or maintenance 
therapy (figure 2; panel 11; appendix p 74). 

Panel 8: Recommendations for raised intracranial pressure

• (AIIu) Opening pressure should be measured at every 
lumbar puncture in patients with cryptococcal meningitis

• (AIII) A brain CT should be done (if CNS imaging not 
already done) to exclude CNS outflow obstruction

• (Allt) Acute symptomatic elevation of the intracranial 
pressure (≥20 cm of CSF) should be managed by daily 
therapeutic lumbar punctures (ie, removal of sufficient 
CSF, usually around 20–30 mL), to reduce the pressure to 
50% of opening pressure or to a normal pressure of 
≤20 cm of CSF (documented as a closing pressure)

• (BIIu) Perform a scheduled therapeutic lumbar puncture 
48–72 h after initial lumbar puncture or 7 days, regardless 
of initial opening pressure

• (Allt) Persistent raised symptomatic intracranial pressure, 
despite therapeutic lumbar punctures, should be 
managed by surgical decompression via temporary 
lumbar drainage, shunting, or ventriculostomy, 
depending on local expertise and resources

• (BIII) Consider ventriculoperitoneal (preferential) and 
lumboperitoneal shunts (alternative) to control both 
acute and chronic hydrocephalus if temporary measures 
are not successful. Ideally, insert shunts after institution 
of effective antifungal therapy

Panel 9: Recommendations for the timing of ART 
commencement

• (DI) Immediate or very early commencement of ART is 
not recommended. 

• (AI) If suboptimal antifungal induction therapy is used, 
delay ART for 4–6 weeks. 

• (BIIu) If optimal antifungal induction therapy was used, 
consider further individualisation, taking into 
consideration resolution of symptoms and signs of 
cryptococcal meningitis, intracranial pressure (including 
normalisation of opening pressure), attainment of CSF 
cryptococcal sterility, successful identification, 
management of concurrent co-infections and other AIDS-
defining illnesses, the patient’s readiness for ART, and 
local experience of cryptococcal meningitis and C-IRIS 
management (usual range is 4–6 weeks). 

• (CIIt) If possible, ensure CSF is cryptococcal culture 
negative before ART commencement. 

• (BIII) For people who have had ART who develop 
cryptococcal meningitis and might need to switch to 
second-line ART or recommence ART, a delay of 
4–6 weeks is recommended. 

• (CIII) Pending further studies, consider withholding ART 
and restarting at 4–6 weeks in those presenting with 
cryptococcal meningitis within 2 weeks of starting ART. 

• (BIII) Patients with isolated pulmonary cryptococcosis or 
those with asymptomatic cryptococcal antigenemia can 
commence ART earlier (eg, at 2 weeks).

Panel 10: Recommendations for antifungal resistance

For those with fluconazole resistance or emerging fluconazole 
resistance:
• (BIII) Consider a long (eg, 4 weeks) course of induction 

treatment with amphotericin B (1 mg/kg daily) or high 
dose of liposomal amphotericin B (3–6 mg/kg daily) 
together with flucytosine

• (BIII) Consider amphotericin B 1 mg/kg weekly or 
liposomal amphotericin B 3–6 mg/kg weekly as 
consolidation or maintenance therapy. Consider daily 
voriconazole, posaconazole, isavuconazole, or 
itraconazole for isolates without evidence of pan-azole 
resistance, as guided by antifungal susceptibility testing

• (CIII) If amphotericin B or liposomal amphotericin B are 
not available, adding flucytosine to high-dose fluconazole 
(1200 mg daily) could be considered 
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C-IRIS 
C-IRIS has been described in people with HIV usually 
between 2 weeks and 3 months after commencement of 
ART. Patients develop exaggerated symptoms and signs 
or atypical inflammation, reminiscent of a paradoxical 
recurrence,126,127 but C-IRIS can also occur in the setting of 
immune recovery or withdrawal of immuno suppressants. 
It has also been observed in seemingly immunocompetent 
individuals, including in C gattii infections, as a post-
infectious inflammatory immune response syndrome 
(PIIRS).90,128 There is no diagnostic biomarker for C-IRIS. 
It is diagnosed by diagnosis of exclusion (figure 2).

There have been no therapeutic trials in C-IRIS. 
Management strategies include therapeutic lumbar 
puncture and symptomatic therapies. In severe C-IRIS, 
corticosteroids are commonly used to dampen 
inflammation, although their efficacy has not been 
rigorously examined in clinical trials. In steroid-refractory 
C-IRIS, there are case reports on the use of tumour 
necrosis factor-α blockers, such as adalimumab129–132 or 
thalidomide,133–135 with mixed success. Corticosteroids can 
also be beneficial in PIIRS (panel 12; appendix p 76).136 

C gattii 
About 50–70% of C gattii infections occur in putatively 
immunocompetent hosts,137–139 compared with 2–30% in 
people with HIV.140–144 Autoantibodies to granulocyte-
macrophage colony-stimulating factor and idiopathic 
CD4 lymphopenia are reported risk factors.137,145–147 Notably, 
not all commercial lateral flow assays are able to detect 
C gattii disease.148 Antifungal agents used for treatment 
are the same as for C neoformans.30,32,141 However, 
4–6 weeks of induction therapy might be required in 
some cases of non-HIV-associated meningitis with 
C gattii (panel 13; appendix p 81).149 

Cryptococcomas 
Cryptococcomas occur predominantly in the lungs and 
brain and are more frequent in C gattii infection.140,150 
CNS cryptococcomas can manifest as neurological 
deficits or raised intracranial pressure,140 which requires 
urgent management. Corticosteroids and surgical 
resection can be of value.149,151,152 Radiological lesions can 
persist indefinitely despite clinical and microbiological 
cure (panel 14; appendix p 84).32,153 Recommendations for 
cryptococcomas are in. 

Non-C neoformans and non-C gattii strains of 
cryptococcus
There are individual case reports and small case series 
of non-C neoformans and non-C gattii cryptococcus 
infec tions, predominantly in immunosuppressed patients. 
Papiliotrema laurentii (previously Cryptococcus laurentii)154 
and Naganishia albida (previously Cryptococcus albidus)155 
account for about 80% of the invasive infections in this 
group and usually involve the skin, lungs, bloodstream, or 
CNS.156 Colonisation, especially of the skin, respiratory, and 

Panel 11: Recommendations for cryptococcal persistence, clinical relapse, and 
culture-positive (microbiological) relapse 

• (AIIt) Think broadly and investigate thoroughly for causality (CNS or non-CNS and 
infective or non-infective) in cases of apparent clinical relapse; investigations should 
include brain CT or MRI, lumbar puncture for opening pressure, and CSF analyses, 
including microscopy and culture

• (AIIu) Review adherence to antifungal therapy, ART, immunosuppressants, and other 
medications and consider drug–drug interactions; perform therapeutic drug 
monitoring if applicable. Optimise control of underlying diseases

• (CIII) Consider escalating antifungal therapy while awaiting CSF results (and 
de-escalate if culture-negative)

• (Dllu) The use of follow-up blood or CSF cryptococcal antigen (including monitoring 
of titres) for clinical decision making is discouraged

• (Dllu) Do not escalate antifungal therapy for persistent blood antigenemia, 
persistently positive CSF cryptococcal antigen, visible cryptococci in CSF (without 
culture positivity), or abnormal CSF microscopy or biochemistry; these are not 
necessarily indicators of microbiological failure

For culture-positive (microbiological) persistent or relapsed infection (figure 1):
• (BIII) Antifungal susceptibility testing should be done concurrently on all initial and 

relapse isolates (if stored and available); an increase in fluconazole MIC of more than 
two dilutions is considered concerning for the potential development of drug 
resistance

• (BIII) Consider reinduction with a more optimal regimen (guided by antifungal 
susceptibility testing)

Panel 12: Recommendations for C-IRIS 

• (Allt) For patients with suspected paradoxical C-IRIS, carefully exclude recurrent 
cryptococcal disease or new infective or non-infective conditions before attributing 
symptoms and signs to C-IRIS; perform a brain MRI and lumbar puncture to measure 
opening pressure and get CSF for microbiological and biochemical analyses

• (AIIu) Treatment of C-IRIS should include therapeutic lumbar puncture and 
symptomatic therapy, such as analgesia, antiemetics, and antiepileptics, if appropriate

• (AIII) Continue antifungal therapy
• (Blll) High-dose prednisolone or prednisone (usually 0·5–1·0 mg/kg daily) or 

dexamethasone (usually 0·2–0·3 mg/kg daily), weaned over 4–6 weeks, can be 
considered in those with persistent symptoms who are unresponsive to therapeutic 
lumbar punctures; rarely a second steroid course with taper is needed

• (DIII) Do not stop ART
• (BIII) Cases of steroid-refractory or recurrent C-IRIS should be discussed with experts in 

the field
• (BIIu) Steroids could be considered for PIIRS

Panel 13: Recommendations for C gatti

In C gattii CNS disease:
• (AIII) Treat the same as C neoformans CNS infection
• (BIII) In non-HIV patients, consider extending induction 

therapy to 4–6 weeks
• (AIII) Early CSF shunting is indicated for obstructive 

chronic hydrocephalus

Treatment of C gattii lung disease is summarised in the 
appendix (p 17).
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gastrointestinal tracts must be distinguished from true 
disease. In some cases, the laboratory might misidentify 
another yeast as P laurentii or N albida on the basis of non-
definitive commercial identification methods.157 Elevated 
MICs against flucytosine, fluconazole, and other azoles for 
some isolates have been documented but are of uncertain 
clinical significance (panel 15; appendix p 85).158,159

Pregnancy 
The majority of cases of cryptococcosis in pregnancy occur 
in the third trimester or postpartum.160,161 Maternal mortality 
from disseminated cryptococcosis is approximately 25%, 
and less than 50% of women carry their pregnancy to 
term.161 Extensive clinical experience suggests that 
amphotericin B and liposomal amphotericin B are safe 
during pregnancy (Category B drug), and thus are the 
cornerstone of treatment.161,162 Flucytosine is rated by the 
USA Food and Drug Administration as a Category C drug 
because of its direct effects on RNA and DNA metabolism. 
Fluconazole is a Category D drug due to its increased risk 
of musculoskeletal malformations, tetralogy of Fallot, 
and spontaneous abortions (panel 16; appendix p 86).163–167 

Paediatrics 
There is a clear need for paediatric-specific studies in 
cryptococcosis. CNS disease seems to predominate in 
paediatrics, but non-CNS disease is probably under-
reported.168–174 Clinical efficacy trials and studies to 
validate diagnostic tests and therapies for crypto coccosis 
in children are scarce. Recommendations are extra-
polated from studies in adult populations. Dosing of 
antifungal agents needs particular attention for the 
paediatric patient (panel 17; appendix p 87). 

Conclusions 
Cryptococcosis and its management is complex and 
challenging. Adherence to clinical practice guidelines can 
improve outcomes.44,175 Although there has been substantial 
development of evidence from randomised controlled 
trials over the past 20 years, there are considerable unmet 
needs (appendix pp 23, 91). Addressing these challenges is 
particularly crucial in low-income settings, where the 
burden of disease is high and access to antifungal therapy 
is inadequate. Equally, more clinical research needs to be 
done in high-income settings, where host risk profiles are 
changing and an increasing array of presentations of 
cryptococcosis are being recognised, necessitating more 
nuanced and individualised treatment plans.
Contributors 
JRP guided the structure, content, and development of the guideline. 
OAC contributed to the conceptual planning, management, and 
supervision of the project. CCC and JRP coordinated the work of the 

Panel 14: Recommendations for cryptococcomas

• (AIII) Perform a biopsy or aspirate to exclude a secondary 
pathogen or an underlying tumour in non-responding 
cryptococcomas (particularly in immunosuppressed 
patients)

• (BIII) Consider surgical resection for accessible brain 
lesions more than 3 cm, lesions at risk of compressing 
critical structures, or large lesions not responding to 
therapy

• (DIII) During follow-up, do not prolong or escalate 
therapy for persistent radiological findings in the absence 
of new or worsening symptoms or signs

For CNS cryptococcoma:
• (BIII) Consider prolonging CNS antifungal induction 

therapy to 4–6 weeks
• (BIII) Consider corticosteroids for large cryptococcomas 

with surrounding mass effect or if neurological symptoms 
and cerebral imaging signs worsen despite a good 
microbiological response

The appendix (pp 22, 84) summarises treatment of lung 
cryptococcoma.

Panel 15: Recommendations for non-C neoformans and non-C gattii strains of 
cryptococcus

• (AIII) As non-C neoformans and non-C gattii Cryptococcus spp are rarely pathogenic, 
careful assessment of the laboratory identification and clinical context is required to 
ascertain clinical significance

• (CIII) For CNS or disseminated disease, treat the same as C neoformans CNS infection

Panel 16: Recommendations for cryptococcosis in pregnancy

• (AIII) Use liposomal amphotericin B or amphotericin B in induction, consolidation, 
and maintenance therapy and for the treatment of isolated cryptococcal antigenemia

• (DII) Avoid the use of flucytosine and fluconazole in pregnancy, particularly in the first 
trimester; their use in the second and third trimester requires careful individualised 
risk–benefit assessment

• (BIII) Fluconazole can be used after delivery despite its excretion into breastmilk
• (AIII) Apply clinical judgement when considering initiation of antifungal therapy and 

duration of therapy, factoring in trimester of pregnancy and severity of illness
• (Clll) For asymptomatic cryptococcal antigen in pregnancy, consider intermittent 

polyene therapy, especially in the first trimester

Panel 17: Recommendations for paediatric cryptococcosis

For the treatment of CNS or disseminated disease:
• (AIIt) Induction: amphotericin B 1 mg/kg daily or liposomal amphotericin B 3–4 mg/kg 

daily plus flucytosine (100– 150 mg/kg daily in 4 divided doses) for 2 weeks
• (AIIt) Consolidation: fluconazole 12 mg/kg (maximum 800 mg) daily for 8 weeks
• Maintenance: fluconazole 6 mg/kg daily (maximum 800 mg) for 6–12 months

• (AIIt) Should be provided  for people who live with HIV and are 
immunocompromised

• (BIIt) Can be provided  for people who are immunocompetent
• (AIII) For the treatment of severe isolated pulmonary diseases: treat the same as CNS 

disease
• (AIII) Treatment of mild isolated pulmonary disease: fluconazole 12 mg/kg daily 

(maximum 800 mg) for 6–12 months
• (AIII) Screening is recommended for children older than 10 years living with HIV in 

high disease prevalence areas
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INTRODUCTION

Cryptococcosis is an infectious disease with worldwide distribution and wide array of 

clinical presentations caused by pathogenic encapsulated yeasts in the genus Cryptococcus. 

Currently, there are 2 species of Cryptococcus that commonly cause disease in humans: 

Cryptococcus neoformans and Cryptococcus gattii. C neoformans was first identified as a 

human pathogen in the late 19th century, but was not recognized as a common cause of 

human disease until the late 1970s.1,2 Over the last several decades, as vulnerable 

populations have expanded, cryptococcal meningitis became an infection of global 

importance, with up to 1 million new infections annually and significant attributable 

morbidity and mortality, especially among patients with human immunodeficiency virus 

(HIV) infection and AIDS.3 Although C neoformans and C gattii share many features of a 

highly evolved, environmentally savvy yeast, there are important species- and strain-specific 

differences with respect to geographic distribution, environmental niches, host predilection, 

and clinical manifestations that should be emphasized. As molecular techniques of 

identification have evolved, we have gained further insight into the pathobiology of these 

encapsulated yeasts, and their capacity to adapt to environmental pressures, exploit new 

geographic environments, and cause disease in both immunocompromised and apparently 

immunocompetent hosts.4 Despite increased availability of and success with antiretroviral 

therapy (ART), the worldwide burden of and mortality associated cryptococcal disease 

remains unacceptably high, and novel strategies of screening and preemptive therapy offer 

great promise at making a sustained and much needed impact on this sugarcoated 

opportunistic mycosis.
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THE PATHOGENS: CRYPTOCOCCUS NEOFORMANS AND 

CRYPTOCOCCUS GATTII

Cryptococcus is a genus of basidiomycetous fungi with more than 30 species ubiquitously 

distributed in the environment. There are only 2 species commonly known to cause human 

disease, C neoformans and C gattii. The epidemiology of C neoformans is well-

characterized and this organism causes disease in both immunocompromised and apparently 

immunocompetent hosts. C gattii, conversely, has historically been regarded as a pathogen 

of apparently immunocompetent patients. However, preexisting conditions and 

immunocompromised states, including subclinical immune defects, are also reported as risk 

factors for infection with this species.5–8 These species differences in clinical presentation 

may be primarily determined by variable host predilections, but may also be better 

characterized as we further our understanding of molecular subtypes.9–12

Historically, the genus was further classified into 3 varieties, 5 serotypes (based on structural 

differences in the polysaccharide capsule), and 8 molecular subtypes (Table 1). Molecular 

methods of identification have enhanced our appreciation for the significant genetic diversity 

among the C gattii–C neoformans complex and have called into question the current 2 

species classification system. Recent proposed taxonomy changes based on the 

understanding of molecular studies have divided the pathogenic cryptococcal species from 

their classic divisions into better-defined molecular and genetic divisions. At present, the 

following divisions have been proposed: C neoformans var. grubii (serotype A) with 3 

genotypes (VNI, VNII, VNB); C neoformans var. neoformans (serotype D or VNIV); and 5 

other cryptic species, C gattii, C bacillisporus, C deuterogattii, C tetragattii, and C decagattii 
(serotypes B/C or VGI-IV).13 Phylogenetic analyses, combined with recognized 

heterogeneity with respect to virulence, host preference, and antifungal susceptibility do 

provide evidence to support further taxonomic classification into a 7-species/4 hybrid 

species scheme (Table 2). The molecular taxonomy of cryptococcal species is a vibrant area 

of evolution that has allowed for a greater understanding of specific strain characteristics, 

including fitness and predilection for certain environmental niches13; clinical correlations 

have yet to match this molecular precision, however, and for this review we will tend to 

lump the yeasts into their historical species designations, C neoformans and C gattii.

Approximately 95% of cryptococcal infections are caused by C neoformans (serotype A) 

strains with the remaining 4% to 5% of infections caused by C neoformans (serotype D) or 

C gattii (serotypes B/C strains). Whereas C neoformans var. grubii (serotype A) is found 

worldwide, C neoformans var neoformans (serotype D) is primarily observed in European 

countries and C gattii has historically been geographically restricted to tropical and 

subtropical regions, such as southern California, Hawaii, Brazil, Australia, Southeast Asia, 

and central Africa. More recently, C gattii has been identified in temperate climates such as 

Vancouver Island and the Pacific Northwest region of the United States and parts of Europe, 

suggesting an ecological shift possibly related to global temperature and moisture changes.
4,10–12 Although C gattii causes up to 15% of all cases of cryptococcosis in Australia and 

New Zealand, C neoformans remains the predominant species even in these endemic areas.
14 In certain areas of Africa around Botswana, where C neoformans and C gattii live 
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together in the environment, active sexual recombination has been reported.15 Although 

outbreaks of cryptococcosis are ongoing among immunocompromised populations 

worldwide, to date only C gattii strains have been reported to produce a geographically 

defined outbreak of disease.4

C neoformans is found throughout the world in association with excreta from certain birds 

such as pigeons,16 environmental scavengers such as ameba and sowbugs,17,18 and in a 

variety of tree species in their hollows. C gattii is commonly associated with several species 

of eucalyptus trees in tropical and subtropical climates.19 However, recently as it has 

emerged as an important pathogen capable of widespread outbreaks within new geographic 

niches including British Columbia and the Pacific Northwest United States,4,10–12 it has 

been associated with temperate trees, such as firs and oaks.9,20–22

The life cycle of Cryptococcus involves both asexual and sexual forms.23 The asexual form 

is the haploid encapsulated yeast that reproduces by mitosis with narrow-based budding and 

is found in clinical and environmental specimens. The sexual state is observed at present 

under certain laboratory conditions, resulting in meiosis between 2 mating types (MATa and 

MATα) to form clamp connections, basidia and basidiospores. The α mating type strains 

represent the vast majority of clinical and environmental isolates, probably related to their 

ability to produce haploid fruiting. Even same sex mating between 2 strains of the same type 

(MATα–MATα) does occur and is thought to produce the infectious spores that cause 

human infection.24,25 This nonclassical mating between 2 α–α strains allows for further 

genetic diversity and is implicated in the production of hypervirulent, clonal strains 

responsible for the C gattii outbreak on Vancouver Island, suggesting that such mechanisms 

may confer the yeast the ability to exploit new geographic niches.26,27 Furthermore, there 

are locations in Botswana where there are equal proportions of MATα and MATa isolates in 

both environmental and clinical populations, providing evidence that sexual recombination 

remains active even with the spread worldwide of relatively clonal strains.15,28

EPIDEMIOLOGY AND RISK FACTORS

Cryptococcosis was considered an uncommon infection before the AIDS pandemic; 

however, it was an awakening mycosis giant in the 1970s because it was associated with 

malignancy, organ transplantation, and certain immunosuppressive treatments. The 

incidence of disease increased significantly in the mid 1980s, with HIV/AIDS accounting 

for more than 80% of cryptococcosis cases worldwide.29–31 Cryptococcal meningitis 

preferentially occurs in persons with impaired cell-mediated immunity and is a major AIDS-

related opportunistic infection as the CD4+ cell count falls below 100 cells/μL. With 

widespread implementation of successful antiretroviral therapy (ART), the incidence of 

HIV-associated cryptococcosis has decreased significantly in most developed nations, 

although the incidence in other at-risk populations has not changed (Table 3).32 

Furthermore, the prevalence of and morbidity and mortality associated with cryptococcal 

meningitis remain unacceptably high in settings where access to ART and other necessary 

health care resources are limited, specifically sub-Saharan Africa and parts of Asia. In fact, 

mortality peaked at approximately 600,000 deaths per year in the first decade of the 21st 

century; even today, it is likely that cryptococcal meningitis–related deaths approach several 
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hundred thousand per year.3 Although both C neoformans and C gattii can also cause disease 

in apparently immunocompetent hosts, the percentage of infections owing to C gattii in such 

patients is significantly higher than for C neoformans.

Pathogenesis and Host Immunity

Cryptococcal infection occurs primarily by inhalation of the infectious propagules (either 

poorly encapsulated yeast cells or basidiospores) from environmental reservoirs with 

deposition into pulmonary alveoli. Traumatic inoculation into tissues has been described33 

and may occur infrequently. The yeast may potentially enter via the gastrointestinal tract, 

although this entry is less consistent. Primary pulmonary infection is generally thought to be 

asymptomatic or minimally symptomatic despite high rates of serologic reactivity in 

children in certain urban settings.34 Clearance of the infection by the host may occur. 

However, in many individuals, after yeasts are deposited in alveoli, they encounter alveolar 

macrophages, which play a central role in the immune response.35 Host response to 

cryptococcal infection primarily involves a helper T cell response with cytokines including 

tumor necrosis factor (TNF), interferon-γ, and interleukin-2, resulting in granulomatous 

inflammation.36 In many circumstances, this yeast will establish a latent infection within 

phagolysosome, with dormant (yet viable) yeasts within the thoracic lymph nodes or a 

pulmonary granuloma that can persist in an asymptomatic individual for years. When local 

immunity is suppressed, the yeast can grow and disseminate outside these pulmonary lymph 

node complexes similar to the pathophysiology that is observed in cases of reactivation 

tuberculosis or histoplasmosis.31,37 In some hosts, C gattii disease seems to be more likely 

than C neoformans disease to present as a progressive granulomatous pulmonary infection, 

but less likely to disseminate to the central nervous system (CNS). This general observation 

has been made in human outbreaks and characterized in mouse models, but there remains 

substantial overlap between species.12,31,38 In a patient with severely compromised cellular 

immunity, the yeasts reactivate and can proliferate at the site of initial infection and can 

disseminate within phagocytes or as yeast cells and gain access to other body sites.39 Both 

direct invasion of the blood–brain barrier via transcytosis of free yeast forms through a series 

of mechanisms between yeast and host factors40 and/or transport via macrophages into the 

CNS (the “Trojan horse” mechanism) seem to occur.41–43 Whether certain immune states 

permit additional body sites of latency (eg, the CNS or prostate) have not yet been 

elucidated fully.

Advances in the molecular biology of Cryptococcus have confirmed multiple yeast virulence 

factors.44 The 3 classical and prominent virulence factors of C neoformans include capsule 

formation, melanin pigment production, and thermotolerance.23,36 The prominent 

antiphagocytic polysaccharide capsule, which is composed of glucuronoxylomannan, is 

unique to Cryptococcus species and is considered an essential virulence factor that has 

multiple effects on host immunity and can increase in size with exposure to body tissues and 

fluids.45,46 In addition, C neoformans possesses an enzyme that catalyzes the conversion of 

diphenolic compounds to form melanin, which, when expressed, may have a biological role 

to protect the yeasts from host oxidative stresses and which may partially explain the 

organism’s neurotropism into sites with high concentrations of the diphenolic 

catecholamines. Finally, the ability to grow at 37°C is a basic part of the virulence composite 
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for most pathogenic fungi in humans including Cryptococcus, and molecular studies have 

linked high temperature growth with multiple signaling pathways and enzymes that this 

yeast has acquired or adapted to over time to retain or enhance its mammalian pathogenicity. 

Other virulence factors include phospholipase and urease production and multiple enzymes 

associated with protection against oxidative stresses, conferring survival within the 

phagolysosome.44 It is estimated that more than 100 genes are important for optimal fitness 

of the yeast in mammalian hosts. The yeast has even adapted sophisticated mechanisms to 

escape the intracellular environment by modifying the permeability of the phagosome 

membrane and via nonlytic exocytosis (vomocytosis), allowing cell-to-cell or host 

compartment transfer of yeast ant its virulence factors without damage to the host 

macrophages.47,48

The many factors in the immunologic responses to Cryptococcus cannot be covered 

completely in this review, but several observations can be made. First, exposure is frequent 

and the healthy immunocompetent individual is generally resistant to cryptococcal disease. 

In fact, even in this group, some apparently normal hosts with cryptococcosis have been 

found to possess anti-granulocyte macrophage colony stimulating factor antibodies as a 

potential immune defect.7,8 Second, the effective immune response is through a helper T 

cell–supported reaction and anything that weakens it may let cryptococci survive and thrive. 

This includes destruction of CD4+ cells by HIV, reduction of TNF activity by anti-TNF 

inhibitors, or the multifaceted immune suppressant effect of corticosteroids. From activated 

macrophages and not alternative macrophages to the development of protective antibodies 

over nonprotective antibodies, immunity changes over the course of cryptococcal infections. 

In fact, even some of our protective host mechanisms might be used against us as surfactant 

D may be coopted by Cryptococcus to gain entry into the lung.49 Clearly, cryptococcosis 

emphasizes the Goldilocks paradigm of immunity. It produces disease when immunity is too 

little or too much, but when the human host immunity is just right, disease does not appear.

CLINICAL MANIFESTATIONS

C neoformans and C gattii have a major predilection for establishing clinical disease in the 

lungs and CNS. Other less frequent body sites of infection include skin, prostate, eyes, and 

bone/joints. However, it should be emphasized that this yeast can widely disseminate and 

infect most organs in severely immunosuppressed patients and thus has the ability to appear 

at any human body site.

Pulmonary Infection

The respiratory tract serves as the most important portal of entry for Cryptococcus. Clinical 

manifestations of pulmonary cryptococcosis range from asymptomatic colonization of the 

airways or a simple pulmonary nodule on a chest radiograph to life-threatening pneumonia 

with the presence of an acute respiratory distress syndrome.50,51 In a normal host, 

asymptomatic, isolated pulmonary infection can occur in about one-third of patients and can 

be identified simply by an abnormal chest radiograph. In fact, the most common radiologic 

findings of cryptococcosis include well-defined single or multiple noncalcified nodules and 

pulmonary infiltrates (Fig. 1), although pleural effusions, hilar lymphadenopathy, and lung 
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cavitation may also be observed. Patients with pulmonary cryptococcosis can present acutely 

with symptoms of pneumonia.50 For example, in the recent outbreak of C gattii infections in 

Vancouver Island area, several cases of severe, symptomatic pulmonary cryptococcosis in 

apparently immunocompetent individuals occurred.12 In an immunocompromised patient, 

however, cryptococcal pneumonia is usually symptomatic and in some cases can progress 

rapidly to acute respiratory distress syndrome, even in the absence of CNS involvement. 

Pulmonary involvement ranges from 10% to 55% of patients with AIDS-associated 

cryptococcal meningoencephalitis, although CNS symptoms usually predominate the 

clinical picture.51

Serum cryptococcal polysaccharide antigen testing is usually negative in cases of true 

isolated pulmonary cryptococcosis, but at times can be positive in the absence of CNS 

involvement or other apparent sites of infection. In immunocompromised individuals with 

Cryptococcus isolated from the lung or other sterile body site, however, a lumbar puncture to 

rule out CNS disease should be considered regardless of a patient’s symptoms or serum 

antigen titer results. The only setting wherein a screening lumbar puncture may not 

necessarily be required is a patient with Cryptococcus isolated from the lung in the 

apparently immunocompetent patient without referable CNS symptoms and disease that 

clinically seems to be limited to the lungs.

Central Nervous System Infection

Clinical manifestations of CNS cryptococcosis include a myriad of signs and symptoms, 

such as headache, fever, cranial neuropathies, altered mentation, lethargy, memory loss, and 

signs of meningeal irritation.2,30,31 Symptoms usually develop over a period of several 

weeks. However, on some occasions, patients present more acutely or lack typical features, 

such as headache. In severely immunocompromised, HIV-infected patients with CNS 

cryptococcosis, the burden of fungal organisms is usually high and can reach levels of more 

than 1 million yeasts per milliliter of cerebrospinal fluid (CSF). These patients may 

consequently have a shorter onset of signs and symptoms, greater CSF polysaccharide 

antigen titers, and higher intracranial pressures than other more immunocompetent 

individuals.

Although disease severity is determined primarily by host immune factors, different species 

and/or strains of Cryptococcus may produce unique clinical manifestations, which can have 

implications for management. For instance, in certain areas of the world, C gattii has been 

observed to cause cerebral cryptococcomas and/or obstructive hydrocephalus with or 

without large pulmonary mass lesions more frequently than C neoformans.12,52,53 These 

patients with parenchymal brain involvement may have a high intracranial pressure and 

present with cranial neuropathies. In such patients, who have been observed to respond 

poorly to antifungal therapy, early neurosurgical intervention to control pressure or ensure a 

correct diagnosis and longer antifungal treatment courses may be required for a successful 

outcome.9,54
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Skin Infection

Cutaneous infections are the third most common clinical manifestations of cryptococcosis 

and patients can present with a variety of skin lesions. Lesions are often indistinguishable 

from those owing to other infections; as such, a skin biopsy with culture and histopathology 

are absolutely essential for definitive diagnosis. Primary cutaneous cryptococcosis is very 

rare and is usually associated with skin injury and direct inoculation of the yeasts33; thus, the 

appearance of cutaneous lesions usually heralds the presence of disseminated infection. 

Solid organ transplant recipients on tacrolimus seem to be more likely to develop skin, soft 

tissue, and osteoarticular infections owing to Cryptococcus.55 Tacrolimus acts on the 

temperature signaling molecule calcineurin in Cryptococcus and has anticryptococcal 

activity at high temperatures, but it loses this direct antifungal activity as environmental 

temperatures decrease; this may in part explain the increased frequency of cutaneous lesions 

in patients receiving calcineurin inhibitors.56

Prostate Infection

The prostate is not a rare site for cryptococcal infection, but prostatic cryptococcosis is 

usually asymptomatic. For instance, latent C neoformans infection has been recognized to 

disseminate in the bloodstream during urologic surgery on the prostate for other indications.
57 The prostate gland may thus serve as an important reservoir for disease relapse in patients 

with a high fungal tissue burden.58 Cultures of urine or seminal fluid may still be positive 

for Cryptococcus after initial antifungal treatment of cryptococcal meningitis in poorly 

controlled AIDS patients,59 strongly supporting the need for prolonged antifungal treatment 

to eradicate infection in sanctuary sites in these severely immunocompromised patients.

Eye Infection

In early reports of cryptococcal meningitis before the AIDS epidemic, ocular signs and 

symptoms were noted in a substantial proportion of cases,60 such as ocular palsies and 

papilledema. Several other ocular manifestations of cryptococcosis have been identified, 

including extensive retinal disease with or without vitritis, which can lead to irreversible 

blindness.61 Visual loss may be owing to optic nerve infiltration by yeasts or vascular 

compromise from intracranial hypertension. The former process results in rapid visual loss 

with limited effective treatments, whereas the latter phenomenon results in more gradual 

visual loss and can be interrupted with aggressive management of increased intracranial 

pressure.

Infection at Other Body Sites

C neoformans can cause disease in essentially any organ of the human body. In fact, the first 

identification of this fungus from a clinical specimen was from a patient with tibial 

osteomyelitis in the 19th century.1 Bone involvement of cryptococcosis typically presents as 

circumscribed osteolytic lesions in any bone of the body, but most commonly the vertebrae, 

and cryptococcal osteomyelitis has been associated with underlying sarcoidosis.62 Bone 

marrow infiltration can be observed in severely immunocompromised hosts. Fungal 

peritonitis63 and cryptococcuria are also reported in several case series. An appreciation for 

this yeast’s protean clinical manifestations is essential, both at the time of initial diagnosis, 
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as well as when immune defects are restored during treatment and immune restoration 

phenomena can present.

Immune Reconstitution Inflammatory Syndrome

Restoration of pathogen-specific immunity can result in a phenomenon known as the 

immune reconstitution inflammatory syndrome (IRIS), an entity that can occur before 

(“unmasking IRIS”) or during (“paradoxic IRIS”) antifungal therapy. Cryptococcal IRIS is 

best characterized in HIV-infected patients with CNS infection and is associated with 

significant morbidity and mortality.64–76 In addition, IRIS is estimated to occur in 5% to 

11% of solid organ transplant recipients with cryptococcal infection and is associated with 

increased risk of allograft failure77–83 and may also be observed in non-HIV, nontransplant 

patients.84 Proposed criteria for IRIS in HIV-associated disease include onset of symptoms 

within 12 months of ART initiation (with concomitant CD4+ recovery).85 These criteria are 

imprecise and do not address all populations at risk (Box 1). As such, it is incumbent upon 

the treating provider to have a high level of suspicion for this entity, as opposed to 

alternative diagnoses, which include progressive infection (from inadequate antifungal 

therapy, direct antifungal drug resistance, or persistent immune deficits), coinfection with 

other opportunistic infections, malignancy, or drug toxicity.

Cryptococcal IRIS is thought to represent a dysregulated reversal of a Th2 (anti-

inflammatory) to a strong helper T cell (pro-inflammatory) immune response in the setting 

of immune recovery.86 Multiple factors are thought to be associated with future IRIS 

episodes, including high yeast burden at baseline, ineffective host immune response to initial 

infection, and rapid restoration of immunity.67,73 Host immune responses in various 

compartments may not be uniform and are likely influenced by baseline parameters at the 

site.87 Differences in baseline CSF cytokine and chemokine expression are thought to 

facilitate the development of cryptococcal IRIS, potentially via myeloid cell trafficking to 

the CNS and, consequently, production of excessive inflammation.88,89 In fact, evidence of 

increased macrophage activation and linked CSF pleocytosis have been observed in patients 

receiving early ART and may mediate increased mortality, even before recognition of the 

clinical syndrome of IRIS.87

Clinical features of cryptococcal IRIS are similar to active cryptococcal infection itself, most 

commonly presenting as CNS disease, although lymphadenitis, pneumonitis, multifocal 

disease, soft tissue involvement, and mediastinitis have all been reported.85,90 Meningeal 

disease is the most serious presentation.85 A hallmark finding is suppurative or necrotic 

granulomatous inflammation with yeast forms seen on histopathology of infected tissues 

despite negative cultures.77,80,90,91 Despite changes in inflammatory markers, there are no 

reliably specific diagnostic tests for IRIS, and establishing the diagnosis presents a 

considerable clinical challenge, especially with atypical presentations or manifestations at 

distant sites.69,92 CSF opening pressure and white blood cell count67,68,73 at the time of an 

IRIS event are significantly higher than baseline values for individual patients, which 

combined with negative cultures, may help to distinguish IRIS from relapsed infection.70

Management of cryptococcal IRIS is largely based on expert opinion.93 First, ensuring the 

efficacy of antifungal therapy is essential94,95; in the absence of disease relapse or direct 
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antifungal drug resistance, modification of antimicrobial therapy is generally not indicated.
93 A significant proportion of minor cases simply improve without specific treatment.65,66,76 

Corticosteroids have been shown to decrease the need for hospitalization and improve short-

term quality of life and functional status in paradoxic tuberculosis-associated IRIS.96 

Although steroids may be essential in treating a serious life-threatening CNS IRIS episode 

owing to Cryptococcus, they should not be used for prevention of IRIS or to control CNS 

pressure, and may be harmful in some cases.97 Immunomodulatory agents including those 

with anti–TNF-α activity have been used in cases of steroid-refractory IRIS.65,98–101 Other 

strategies, including therapeutic lumbar drainage for intracranial hypertension93,102 and, at 

times, surgical drainage of suppurative lymph nodes,86,91 are important adjunctive measures 

that may be considered in severe disease. Continuation of ART in the setting of IRIS is 

generally recommended and has been performed safely.66,71,92,103,104

LABORATORY DIAGNOSIS

Definitive diagnosis of cryptococcosis is made by isolation of Cryptococcus from a clinical 

specimen or direct detection of the fungus by means of India ink staining of body fluids. 

There are several other methods used for the diagnosis of cryptococcosis, including 

histopathology of infected tissues and serologic methods. Molecular methods, although 

available and extensively used for research purposes, are not used currently in routine 

clinical practice.

Direct Examination/India Ink

The most rapid method for diagnosis of cryptococcal meningitis is direct microscopic 

examination for encapsulated yeasts by India ink preparation of CSF. Cryptococcus can be 

visualized as a globular, encapsulated yeast cell with or without budding, ranging in size 

from 5 to 20 μm in diameter (Fig. 2). The sensitivity of India ink staining of CSF depends on 

fungal burden and is reported to be 30% to 50% in non–AIDS-related cryptococcal 

meningitis and up to 80% in AIDS-related disease. False positives can result from intact 

lymphocytes, other tissue cells and nonviable yeast forms, which further limits the 

diagnostic utility of direct microscopy of CSF for cryptococcal meningitis.105

Culture and Identification

Cryptococcus can be cultured readily from biologic samples such as CSF, sputum, and skin 

biopsy on routine fungal and bacterial culture media. In adults with HIV-associated 

cryptococcal meningitis, CSF and blood cultures are positive in up to 90% and 70% of 

patients, respectively (reviewed in106). Colonies are usually observed on solid agar plates 

after 48 to 72 hours incubation at 30°C to 35°C in aerobic conditions and will appear as 

opaque, white-to-cream colonies that may turn orange-tan or brown after prolonged 

incubation. The mucoid appearance of the colony is related to the capsule size around the 

yeasts. Despite relatively rapid growth for most strains, cultures should be held for up to 4 

weeks, particularly for patients receiving antifungal treatment.
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Cytology and Histopathology

Cryptococcus can be identified by histologic staining of tissues from the lung, skin, bone 

marrow, brain, and other organs.107 Histopathologic staining and cytology of centrifuged 

CSF sediment and other bodily fluids are more sensitive than the India ink staining method.
108–111 The organism is observed as a yeast that reproduces by narrow-based budding. The 

yeast is best identified by special stains that label the polysaccharide capsule including 

mucicarmine, periodic acid-Schiff, and Alcian blue stains.2 The Fontana–Masson stain 

identifies melanin in the yeast cell wall. Other fungal stains such as Calcofluor, which binds 

fungal chitin, or Gomori methenamine silver, which stains the fungal cell wall, are also used 

to identify the organism from clinical specimens.2,109

Serology

The diagnosis of cryptococcosis improved significantly with the development of serologic 

tests for the cryptococcal polysaccharide capsular antigen (CrAg), which is shed during 

infection. Latex agglutination and enzyme immunoassay techniques have been available 

widely (using both serum and CSF), the former of which had been the most commonly used 

methodology until recently, with overall sensitivities and specificities of 93% to 100% and 

93% to 98%, respectively.112,113 False-positive results of latex agglutination testing usually 

have initial reciprocal titers of 8 or less,112 whereas false negatives can be seen owing to a 

prozone effect in the setting of extremely high antigen titers, which can be overcome with 

dilution.114 Low fungal burden, as in chronic low-grade meningitis or in the very early 

stages of infection, and improper specimen storage can also cause false-negative results in 

latex agglutination tests.115 Recently, a lateral flow assay was approved for use in serum and 

CSF, with sensitivity and specificity of greater than 98% in both specimen types (including 

whole blood from finger stick samples) and sensitivity of 85% in urine.116–123 The 

semiquantitative test offers many advantages over the other serologic methods, including 

rapid turnaround (approximately 15 minutes), minimal requirements for laboratory 

infrastructure, stability at room temperature, low cost, and wider capture of C gattii 
polysaccharides.116 Combined with these advantages, the assay’s excellent performance 

across a broad range of clinical settings, including settings with low burden of HIV infection 

and high rates of C gattii infection,100–104 make it an attractive option for point-of-care 

testing in both resource-available and resource-limited settings.116,117,124

Baseline cryptococcal polysaccharide antigen titers in serum and CSF correlate with fungal 

burden and carry prognostic significance in patients with cryptococcal meningitis.122,125,126 

However, there is limited value in serial monitoring of antigen titers acutely in assessing 

treatment response, because the kinetics of antigen clearance is a slower and less predictable 

marker of treatment response than quantitative culture.122,127 Quantitative CSF yeast culture 

and its serial use for measurement of effective fungicidal activity has become a primary 

research tool for effectiveness of therapeutic regimens.128 The quantitative yeast count has 

been correlated with outcome129 and effective fungicidal activity has correlated with success 

of antifungal regimens, including survival.95,128,130 Despite a decade of use and validation 

of its effectiveness in clinical studies, the use of quantitative CSF yeast culture for the 

determination of effective fungicidal activity has not yet become a part of routine clinical 

practice.
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TREATMENT

Basic Principles

Amphotericin B deoxycholate (AmBd) is the cornerstone of treatment for severe 

cryptococcal infection, including meningoencephalitis. Treatment is summarized in Table 4. 

A standard induction dose of 0.7 to 1 mg/kg/d is recommended. Liposomal amphotericin B 

(3–6 mg/kg/d) has become a preferred alternative with similar outcomes and less 

nephrotoxicity, and is recommended specifically for primary induction in patients at risk for 

renal dysfunction.93,131,132 Flucytosine (5-FC) is used in combination therapy with AmBd 

as first-line therapy in cryptococcal meningitis or severe pulmonary cryptococcosis at a 

dosage of 100 mg/kg/d in divided doses.133,134 This combination represents the most potent 

fungicidal regimen, with faster CSF sterilization and fewer relapses, and is associated with 

lower attributable mortality.133–139 Because the interruption of induction therapy is 

associated with poorer outcome, in resource-available areas the liposomal product has 

become the preferred polyene. Unfortunately, there are still no comparative studies with 5-

FC combined with lipid formulations of amphotericin B as opposed to AmBd. Early 

mycological failure (defined as persistently positive CSF cultures at day 14) correlates with 

late treatment failure and poor outcome,140 and lack of 5-FC is independently associated 

with both early141 and late137 mycological failure. This improved fungicidal activity of 

combination therapy translates into a direct survival benefit compared with AmBd 

monotherapy.135 5-FC should be dose adjusted for renal dysfunction, with therapeutic drug 

monitoring to decrease its primary side effect of bone marrow suppression.142 There are 

emerging data that lower doses of 5-FC in combination with amphotericin may demonstrate 

similar fungicidal activity.138

Although combination induction therapy remains the recommended first-line therapy for 

severe cryptococcosis, 5-FC availability is limited in settings where the disease burden and 

mortality rates are the highest. Alternative combination therapies have been investigated, the 

most efficacious of which is AmBd plus fluconazole (800 mg/d), which results in improved 

rates of fungal clearance, neurologic recovery, and survival compared with AmBd alone or 

in combination with lower doses of fluconazole.143,144 This combination offers a more 

feasible and potentially viable option for effective initial therapy in settings where access to 

5-FC is limited. Optimizing treatment outcomes without exhausting limited resources is 

critical in many settings. Standardized fluid and electrolyte supplementation protocols for 

patients treated with amphotericin B in these resource-limited settings have been associated 

with improved early survival.145 Additionally, shorter courses of amphotericin B in 

combination with other agents may be considered in these settings, although clinical 

endpoints for such regimens have not been rigorously evaluated.146,147 An ongoing trial 

evaluating the combination of intermittent dosing of high-dose of liposomal amphotericin B 

with high-dose fluconazole in resource-limited settings is underway to address this 

unanswered question (AmBition-CM, www.controlled-trials.com/ ISRCTN10248064). 

Additional alternative induction regimens are available in the guidelines but their use is not 

encouraged based on limited data of the success with these regimens.148 Fluconazole 

monotherapy for meningitis is not recommended for induction given its fungistatic nature, 

poor success, and higher relapse rates as well as increased rates of resistance in relapse.93,94 
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However, in areas without access to AmBd, high doses (≥1200 mg/d) of fluconazole should 

be commenced.

A 3-stage regimen of induction, consolidation, and maintenance is standard treatment for 

cryptococcal meningitis in all patients, irrespective of host risk factors.93,133 In HIV-infected 

patients, initial induction treatment usually begins with combination therapy as described, 

followed by consolidation treatment with fluconazole (400–800 mg/d) for 8 weeks in 

patients who have demonstrated favorable response. Longer courses of both induction (eg, 6 

weeks) and consolidation (or “eradication”) therapy have been suggested in C gattii 
meningoencephalitis, irrespective of host immune status, owing to the observed severity of 

neurologic disease in this group of patients,11,52,53 but this is not certain and in general C 
gattii should be treated similarly to C neoformans. After consolidation, long-term 

suppression is commenced with oral fluconazole (200–400 mg/d). This approach has 

decreased rates of relapse from approximately 40% to less than 5% in severely 

immunosuppressed patients.149 Secondary prophylaxis is discontinued after 1 to 2 years of 

antifungal therapy in patients who respond to ART with an increase in CD4+ cell counts to 

greater than 100 cells/μL and a decrease in HIV viral load to undetectable levels for at least 

3 months.93,150,151 The other triazoles (itraconazole, voriconazole, and posaconazole) are 

active against cryptococcal isolates in vitro and, in combination with AmBd, may have 

similar fungicidal activity to 5-FC,144 but owing to differences in bioavailability, CSF 

penetration, drug interactions, cost, and lack of robust studies in cryptococcosis, these agents 

are not recommended as first-line agents for consolidation or maintenance therapy. However, 

they may have a role in refractory cases.152–155

Timing of Antiretroviral Therapy

In HIV-associated cryptococcal infection, ART has a major impact on long-term prognosis. 

However, several studies have suggested an increased risk of IRIS among HIV-infected 

patients initiated on ART early after the diagnosis of an opportunistic infection.64,65,156 

More contemporary studies have demonstrated conflicting results regarding outcomes of 

cryptococcal infection based on timing of ART initiation,103,157,158 and studies in 

tuberculosis have demonstrated a survival benefit with earlier ART (despite increased rates 

of IRIS).159,160 Recently, the Cryptococcal Optimal ART Timing Trial (COAT) provided 

some definitive guidance to delay initiation of ART in patients with cryptococcal meningitis 

for a minimum of 4 weeks after starting antifungal therapy. This randomized trial 

demonstrated improved survival in patients with cryptococcal meningitis in whom ART 

initiation was deferred for up to 5 weeks after diagnosis as compared with immediate ART 

(within 1–2 weeks).161 Although increased rates of IRIS observed with early ART did not 

attain statistical significance, markers of macrophage activation were increased in this early 

group, suggesting that subclinical or compartmentalized IRIS may occur and influence 

mortality.87,161

Organ Transplant Recipients

Organ transplant recipients with CNS cryptococcal infection are managed similarly to HIV-

infected patients, although lipid formulations of amphotericin B are preferred to limit 

nephrotoxicity.93 A longer course of induction therapy is indicated if CSF cultures remain 
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positive at 2 weeks, because this scenario is associated with an increased 6-month mortality.
162 Relapse rates among organ transplant recipients are lower than in HIV-associated 

disease, such that a shorter course of maintenance therapy can be pursued following standard 

consolidation, but generally these patients are treated for 1 year.93,162 Drug interactions 

between fluconazole and immunosuppressive agents should be anticipated owing to 

CYP3A4 inhibition, and a preemptive reduction in calcineurin inhibitors should be 

considered. Management of immunosuppression in the setting of cryptococcal infection 

requires recognition of the increased risk of IRIS.77,80,163 Thus, stepwise reduction in 

immunosuppression is recommended, although the approach should be individualized for 

each patient.

Non–HIV-Infected, Nontransplant Patients

Very few prospective data are available on the management of cryptococcal infection in the 

apparently immunocompetent host lacking classical risk factors for cryptococcosis.134 This 

heterogeneous group of patients is diagnosed later, irrespective of disease severity.32,84 

Recommendations for longer induction therapy (≥4 weeks) are based on the recognition of 

poorer outcomes and higher mortality rates in this group of patients both in early134,164 as 

well as contemporary32 studies. However, in patients with good prognostic factors and 

excellent antifungal induction response, 2-week induction therapy can be successful. 

Therapy should be extended further if 5-FC is not included (or there is limited exposure to 

this drug) in the induction regimen.93 Recommendations for consolidation and maintenance 

parallel those for HIV-infected patients and reflect high relapse rates (30%) within the first 

year before the introduction of consolidation and maintenance antifungal strategies.93,134 

Criteria for stopping treatment in these patients include resolution of symptoms and at least 

1 year of suppressive antifungal therapy.

Management of Intracranial Pressure

Along with the optimization of antifungal therapy, management of increased intracranial 

pressure is critically important in cryptococcal meningoencephalitis. Intracranial 

hypertension frequently corresponds with CSF fungal burden, potentially mediated by CSF 

outflow obstruction by clumped yeast forms even during early therapy, and is associated 

with increased morbidity and mortality.97,165 Intracranial imaging should be performed 

before lumbar puncture if impaired mentation or focal neurologic deficits are present. A 

baseline CSF opening pressure should be obtained in all patients. Aggressive attempts to 

control increased intracranial pressure should occur when patients are symptomatic, 

although emerging data suggest there may be benefit to therapeutic lumbar punctures, 

irrespective of baseline opening pressure in resource-limited settings.166 Treatment options 

for managing acutely elevated intracranial pressure include repeated lumbar punctures (daily 

until pressure and symptoms are stable for >2 days), lumbar drain insertion, 

ventriculostomy, or ventriculoperitoneal shunt, if obstructive hydrocephalus develops.97 

Consideration of early neurosurgical consultation has been recommended in cases of 

meningoencephalitis owing to C gattii where CNS inflammation is often severe.52,53 

Medical treatments such as corticosteroids (unless IRIS suspected or in cases of severe C 
gattii infection), mannitol, and acetazolamide are generally not recommended.52,53,129,167 If 
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shunt placement is necessary, CSF sterilization is not required before insertion, which can be 

performed once appropriate antifungal therapy has been commenced.168

Persistent and Relapsed Infection

Persistent and relapsed infection must be distinguished from IRIS. Persistent disease has 

been defined as persistently positive CSF cultures after 1 month of antifungal therapy, 

whereas relapse requires new clinical signs and symptoms and positive cultures after initial 

improvement and fungal sterilization.93 Surrogate markers, including biochemical 

parameters, India ink staining, and cryptococcal antigen titers, are insufficient to define 

relapse or alter antifungal therapy. General recommendations for management in these 

persistent or relapsed cases include resumption of induction therapy, often for a longer 

duration and at increased dosages, if tolerable, and pursuance of comparative antifungal 

susceptibility testing.93 Although primary direct antifungal resistance to azoles and polyenes 

is rare, decreased susceptibility to fluconazole has been observed in some cases of culture-

positive relapse.94 There has not yet been a convincing minimum inhibitory concentration 

breakpoint for cryptococcal species in antifungal susceptibility testing; thus, the importance 

of comparative minimum inhibitory concentration testing with the original isolate in cases 

where resistance is suspected cannot be overemphasized.169,170

Nonmeningeal Disease

Although isolation of Cryptococcus from respiratory tract specimens can occur in the 

absence of clinical disease (colonization), it is incumbent upon the treating clinician to 

assess for subclinical disease or potential for complications when Cryptococcus is isolated 

from any clinical specimen. In the absence of immune compromise, airway colonization 

carries a low risk for invasive disease and treatment can be deferred; although in most cases, 

given the safety profile of fluconazole, many clinicians favor treatment in all patients in 

whom Cryptococcus is isolated. In immunosuppressed patients with isolated pulmonary 

cryptococcosis, however, treatment is recommended to prevent dissemination.93 This group 

of patients should be evaluated for systemic disease (including blood and CSF cultures as 

well as CrAg testing from serum and CSF) to optimize treatment. In any patient in whom 

cryptococcemia is identified, symptoms are severe, or CSF examination reveals 

asymptomatic CNS involvement, treatment for cryptococcal meningitis is recommended.93 

The potential for severe pulmonary infection owing to C gattii should be appreciated when 

Cryptococcus is isolated from respiratory cultures in settings where this species is 

endemic11,12,52,53,171; however, to date, there are no convincing data that species 

identification is required to optimally select antifungal therapy, and disease severity remains 

the critical factor in determining initial treatment. Cerebral cryptococcomas often can be 

managed with prolonged antifungal therapy without the need for surgical removal unless 

mass effect or other evidence of obstruction is identified. A longer induction phase with 

AmBd plus 5-FC, followed by 6 to 18 months of consolidation therapy with fluconazole 

(400–800 mg/d) is recommended. Localized infection of extrapulmonary nonmeningeal sites 

can occur occasionally with direct inoculation, but more commonly represents disseminated 

infection. Suspicion for the latter must be maintained when Cryptococcus is identified from 

a sterile body site, because management strategies differ if disseminated disease is present. 

Consultation with ophthalmology is indicated in cases of cryptococcal eye disease.93
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Screening and Prevention

There is no question that early identification of HIV infection and initiation of ART in 

patients before progression to severe immunodeficiency is the most effective intervention at 

reducing the global burden of cryptococcosis and other opportunistic infections. However, 

despite increased access to ART worldwide, late presentations of HIV infection still occur 

and the burden of severe cryptococcal infection and related mortality remains 

disproportionately represented in these populations.

Fluconazole prophylaxis has been shown to be effective for preventing cryptococcosis in 

patients with advanced AIDS in endemic areas172,173; however, universal prophylaxis is 

relatively cost ineffective,124 has not been shown to offer a survival benefit,174 and may add 

to the appearance of azole-resistant strains. As such, this approach is not recommended 

currently.

Given that mortality from cryptococcal meningitis remains unacceptably high, alternative 

management strategies have been evaluated and implemented in resource-limited settings, 

specifically a “screen and treat” approach using serum cryptococcal antigen (CrAg) testing 

followed by preemptive fluconazole therapy in CrAg-positive patients. CrAg is an early 

marker of cryptococcal disease, detectable in serum a median of 22 days before the onset of 

symptoms, and is both highly predictive of incident cryptococcal meningitis and an 

independent risk factor for death during the first year of ART.175–177 This approach is 

associated with a decreased incidence of cryptococcal meningitis and improved survival 

among patients with advanced HIV disease and has been successfully implemented in 

several resource-limited settings, with a baseline prevalence of asymptomatic cryptococcal 

antigenemia of 5% to 13%.177,178 Moreover, analyses have consistently demonstrated both 

the cost effectiveness and survival advantage of a “screen and treat” approach, as compared 

with standard of care or universal fluconazole prophylaxis, at CrAg prevalences as low as 

0.6%.178–180 As access to lateral flow assay testing in these settings is increased, the cost 

effectiveness is likely to be greater than initially reported. The World Health Organization 

now recommends implementation of CrAg screening and preemptive fluconazole therapy in 

ART-naïve adults with a CD4 count of less than 100 cells/mm3 before initiating ART in 

endemic settings.181 Several nations in sub-Saharan Africa have since operationalized 

programs as a part of the existing HIV infrastructure. Several unanswered questions remain, 

however, including the feasibility of implementation, the dose and duration of preemptive 

fluconazole, the criteria for lumbar puncture in asymptomatic patients, and the potential 

impact on azole resistance. Some data suggest a ‘screen and treat’ would be cost effective, 

even in resource-rich settings, although this is currently not part of standard practice, despite 

recent reports of CrAg prevalence of more than 3% in the United States.176,182 Routine 

screening for cryptococcal infection and/or prophylaxis are not recommended in solid organ 

transplant recipients, even when immunosuppression is augmented in patients with 

previously (appropriately) treated infection.183

In the arena of direct immune modulation for cryptococcosis management, aside from the 

use of ART, progress has been slow. First, although both cryptococcal 

glucuronoxylomannan–tetanus toxoid conjugate vaccine and specific monoclonal antibodies 

to cryptococci have been developed, clinical trials have not been initiated to determine their 
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usefulness in human subjects.184,185 The use of immune stimulation with recombinant 

gamma-interferon has both immunologic support and 2 positive clinical trials,186–189 but has 

only been used in refractory cases and likely reflects concerns about precisely judging 

immune stimulation when IRIS can be a deadly problem.
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KEY POINTS

• Cryptococcosis is a major invasive fungal infection that is capable of 

widespread disease outbreaks in both immunocompromised and apparently 

immunocompetent hosts.

• Molecular advances continue to enhance our understanding of Cryptococcus 
and provide insight into its evolution into a pathogen of global importance.

• Diagnosis has improved with the introduction of point-of-care diagnostic 

assays.

• Screening and preemptive antifungal therapy offer great promise in making a 

significant impact in this highly deadly opportunistic mycosis.
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Box 1

Suggested diagnostic criteria for the immune reconstitution inflammatory 
syndrome

New appearance or worsening of any of the following:

Clinical or radiographic manifestations consistent with an inflammatory process:

Central nervous system: Contrast-enhancing lesions on neuroimaging (computed 

tomography or MRI); cerebrospinal fluid pleocytosis (ie, >5 white blood cell 

count per μL); increased intracranial pressure (ie, opening pressure of ≥20 mm 

H20), with or without hydrocephalus.

Pulmonary: Nodules, cavities, masses or pleural effusions.

Other: Lymphadenopathy, skin, soft tissue, osteoarticular lesions.

Histopathology showing granulomatous lesions.

Symptoms occurring during receipt of appropriate antifungal therapya that cannot be 

explained by a newly acquired infection or another process (neoplasm, etc).

Negative results of cultures, or stable or reduced biomarkers for the initial fungal 

pathogen during the diagnostic workup for the inflammatory process.

All 3 criteria must be present for a positive diagnosis.

a Exclude intrinsic and de novo drug resistance, and suboptimum drug concentrations.

Adapted from Sun H, Alexander B, Huprikar S, et al. Predictors of immune 

reconstitution syndrome in organ transplant recipients with cryptococcosis: implications 

for the management of immunosuppression. Clin Infect Dis 2015;60(1):36–44; and Singh 

N and Perfect JR. Immune reconstitution syndrome associated with opportunistic 

mycoses. Lancet Infect Dis 2007; 7:398.
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Fig. 1. 
Solitary pulmonary nodule. In an asymptomatic patient with isolated pulmonary 

cryptococcosis. (Courtesy of J. R. Perfect, MD, Durham, NC.)
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Fig. 2. 
India ink staining. Encapsulated yeast seen on India ink preparation of cerebrospinal fluid in 

a patient with cryptococcal meningitis. (Courtesy of J. R. Perfect, MD, Durham, NC.)
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Table 1

Current classification of pathogenic Cryptococcus species

Serotype Species and Varieties Molecular Types

A C neoformans var. grubiia VN I, VN II

B C gattii VG I, VG II, VG III, VG IV

C C gattii VG I, VG II, VG III, VG IV

D C neoformans var. neoformans VN IV

AD C neoformans VN III

a
Responsible for the vast majority of disease owing to C neoformans worldwide.

Adapted from Hagen F, Khayhan K, Theelen B, et al. Recognition of seven species in the Cryptococcus gatti/Cryptococcus neoformans species 
complex. Fungal Genet Biol 2015;78:17.
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Table 2

Proposed taxonomy changes for the Cryptococcus neoformans/C gattii complex

Current Species Name Genotype by RFLP Proposed Species Name

C neoformans var. grubii VNI C neoformans

VNII

VNIII

C neoformans var. neoformans VNIV C deneoformans

C neoformans intervariety hybrid VNIII C neoformans × C deneoformans hybrid

C gattii VGI C gattii

VGIII C bacillisporus

VGII C deuterogattii

VGIV C tetragattii

VGIV/VGIIIc C decagattii

C neoformans var. neoformans × C gattii AFLP4/VGI hybrid — C deneoformans × C gattii hybrid

C neoformans var. grubii × C gattii AFLP4/VGI hybrid — C neoformans × C gattii hybrid

C neoformans var. grubii × C gattii AFLP6/VGII hybrid — C deneoformans × C deuterogattii hybrid

Adapted from Hagen F, Khayhan K, Theelen B, et al. Recognition of seven species in the Cryptococcus gatti/Cryptococcus neoformans species 
complex. Fungal Genet Biol 2015;78:17.
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Table 3

Risk factors for Cryptococcus infection

HIV infection Rheumatologic diseasesa Systemic lupus erythematosus Rheumatoid 
arthritis

Corticosteroid and/or immunosuppressive therapies Idiopathic CD4+ lymphopenia

Solid organ transplantationa Chronic liver disease (decompensated)b

Malignant and lymphoproliferative disordersa,b Renal failure and/or peritoneal dialysis

Sarcoidosis Hyper-IgM syndrome or hyper-IgE syndrome

Treatment with monoclonal antibodies (etanercept, 
infliximab, alemtuzumab)

Diabetes mellitusc

Anti-GM CSF antibodies —

Abbreviations: GM CSF, granulocyte macrophage colony stimulating factor; HIV, human immunodeficiency virus; Ig, immunoglobulin.

a
Immunosuppression for these conditions may influence risk.

b
Poor prognosis especially among patients with hematologic malignancy.32

c
Historically considered a risk factor but may reflect the frequency of condition rather than specific risk to an individual. Not found to be a risk 

factor in.190,191

Adapted from Casadevall A, Perfect JR. Cryptococcus neoformans. Washington, DC: ASM Press; 1998.
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Table 4

Treatment recommendations for HIV-associated cryptococcal meningoencephalitis

Duration

Induction therapy

 Primary regimen

  AmBd (0.7–1 mg/kg/d) plus flucytosine (5-FC) (100 mg/kg/d)a 2 wk

 Alternative regimensb

  If 5-FC intolerant or unavailable: AmBd (0.7–1 mg/kg/d) or L-AMBc (3–4 mg/kg/d) or ABLC (5 mg/kg/d) 4–6 wk

  AmBd (0.7–1 mg/kg/d) plus fluconazole (800 mg/d) 2 wk

  Fluconazole (≥800 mg/d, preferably 1200 mg/d) plus 5-FC (100 mg/kg/d) 6 wk

  Fluconazole (800–2000 mg/d, preferably 1200 mg/d) 10–12 wk

  Itraconazole (200 mg BID) 10–12 wk

Consolidation therapy

 Fluconazole (400 mg/d) 8wkd

Maintenance or suppressive therapy

 Fluconazole (200 mg/d) ≥1 ye

 Alternative reqimensa

  Itraconazole (200 mg BID) ≥1 ye

  AmBd (1 mg/kg IV per week) ≥1 y

Abbreviations: 5-FC, flucytosine; ABLC, amphotericin B lipid complex; AmBd, amphotericin B deoxycholate; BID, twice daily; L-AMB, 
liposomal amphotericin B.

a
L-AMB, 3–4 mg/kg/d or AmB lipid complex (ABLC; 5 mg/kg/d) for patients predisposed to renal dysfunction.

b
Can be considered as alternative regimen when primary regimen not available but not encouraged as equivalent substitutes.

c
L-AMB can be safely administered in doses as high as 6 mg/k/d.

d
Initiate highly active antiretroviral therapy approximately 4 weeks after beginning antifungal regimen.

e
After 1 year of therapy, if successful response to antiretroviral drugs (CD4 count ≥ 100 and viral load low or undetectable for >3 months), can 

consider discontinuation of antifungal therapy. Consider reinstitution if CD4 count is <100.

Adapted from Perfect JR, Dismukes WE, Dromer F, et al. Clinical practice guide lines for the management of cryptococcal disease: 2010 update by 
the Infectious Disease Society of America. Clin Infect Dis 2010;50:291–322.
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CASE

A64-year-old male with a history of nonalcoholic steatohepatitis, alpha-1-antitrypsin
deficiency, and an orthotopic liver transplant completed 5 months prior, presented

to the hospital with a 1-day history of fever and fatigue. The patient had recently
undergone evaluation for rash and pancytopenia and was ultimately diagnosed with
graft-versus-host disease (GVHD) affecting his skin, gastrointestinal tract, and bone
marrow. High-dose prednisone and twice-weekly etanercept were added to his prior
immunosuppressant regimen of tacrolimus and mycophenolate. During a subsequent
outpatient evaluation for bone marrow transplantation, he developed fever and fatigue
again and was admitted to the hospital for further evaluation.

On presentation the patient was febrile to 38.2°C. His previous GVHD-related rash
had resolved, and he denied any other localized symptoms. Initial laboratory studies
were significant for a complete blood count showing pancytopenia, with a leukocyte
count of 0.1 � 109/L (normal range, 3.4 � 109 to 9.6 � 109/L); electrolytes, renal function,
and hepatic function testing were all within normal limits. Serum cytomegalovirus quan-
titative PCR (Roche Diagnostics, Indianapolis, IN) and Cryptococcus antigen (CrAg lateral
flow immunoassay [LFA], IMMY Diagnostics, Norton, OK) testing were also performed,
and results were negative. Chest X-ray did not show any focal consolidation or other
acute findings. Bacterial blood cultures were obtained and grew methicillin-susceptible
Staphylococcus aureus from the anaerobic bottle after 17 h of incubation. The patient
was initially started on vancomycin and cefepime and later transitioned to cefazolin, 2 g
every 8 h, once the susceptibility test results were available. However, at 86 h of incuba-
tion an aerobic blood culture bottle flagged positive and subculture onto sheep blood
agar yielded Cryptococcus neoformans, which was identified by the BioFire Blood Culture
Identification 2 (BCID2) panel (bioMérieux, Salt Lake City, UT) and confirmed by matrix-
assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS;
Bruker Daltonics) using both the Bruker research-use-only and Mayo Clinic-developed
spectrum library databases. Blood cultures obtained on each of the following 2 days also
grew C. neoformans.

A repeat serum CrAg LFA performed 9 days later was also negative. To rule out
postzone effect, the sample was serially diluted to 1:1,280; all dilutions remained nega-
tive on all samples tested. The C. neoformans isolate was subcultured on Sabouraud’s
dextrose agar (SDA) at 30°C and 37°C. After 4 days, colonies were examined using India
ink staining, which did not demonstrate the presence of a capsule (Fig. 1). Although
the absence of capsule production in vitro is not definitive evidence of inhibited cap-
sule production in vivo, together with the negative serum CrAg result, the findings
were highly suggestive of infection with a capsule-deficient Cryptococcus isolate.

The patient was initiated on liposomal amphotericin B, 4 mg/kg every 24 h, and flu-
cytosine, 25 mg/kg every 6 h. Due to progressive thrombocytopenia, lumbar puncture
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was unable to be performed safely to collect cerebrospinal fluid (CSF) for further analy-
sis (e.g., CrAg, fungal culture), although magnetic resonance imaging of the brain was
not suggestive of cryptococcosis. The patient received combination antifungal therapy
for 14 days, with clinical improvement and blood culture clearance. He was then transi-
tioned to posaconazole, 300 mg daily, for both consolidation therapy and antifungal
prophylaxis while neutropenic. Cefazolin was continued for a total of 4 weeks to treat
his S. aureus bloodstream infection. He underwent matched, unrelated donor stem cell
transplantation for GVHD after 3 weeks of antifungal therapy. His posttransplant course
was complicated by a vancomycin-resistant Enterococcus faecium bloodstream infec-
tion and acute invasive pulmonary aspergillosis, although without evidence of relapsed
cryptococcosis. As a result of his complicated posttransplant course, the patient passed
away 33 days after his allogeneic stem cell transplant.

DISCUSSION

Cryptococcus species are facultative intracellular yeasts. These fungi are frequently
encapsulated, and the capsule is primarily composed of the polysaccharides glucuronoxylo-
mannan and glucuronoxylomannogalactan, which are major virulence factors. Historically,
C. neoformans and Cryptococcus gattii represented the predominant pathogens, with
multiple serotypes within each species. Recent phylogenetic studies, however, have led to
a complete reorganization of the species complex, with C. neoformans containing the origi-
nal serotype A, C. deneoformans encompassing serotype D, and at least five different
species now recognized within the C. gattii complex (C. gattii, C. deuterogattii, C. tetragattii,
C. decagattii, and C. bacillisporus) (1). C. neoformans is found worldwide in soil contaminated
by bird droppings and decaying organic matter. C. gattii was primarily found in the tropical
and subtropical areas but is now endemic in British Columbia, the Pacific Northwest, and
California and is associated with several different tree species (1, 2).

Cryptococcus species are primarily opportunistic pathogens affecting immunocom-
promised individuals living with human immunodeficiency virus, cirrhosis, solid-organ
transplantation, and hematologic malignancies or stem cell transplants, although infec-
tion in immunocompetent persons does occur more commonly with C. gattii (1, 3). The
patient in this case was severely immunosuppressed due to a liver transplant, which was
also complicated by GVHD. This is a rare complication of solid-organ transplantation,
which most commonly affects liver or small-bowel transplant recipients and is associated
with high mortality rates (4).

The most common clinical presentation for Cryptococcus species is pulmonary crypto-
coccosis, which can range from a solitary pulmonary nodule to severe pneumonitis.

FIG 1 India Ink stain of capsule-deficient Cryptococcus. In the presence of a capsule India ink displaces
around the capsule, creating a clearing around the yeast cells. Lack of clearing around the cells is indicative
of unencapsulated Cryptococcus.
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Cryptococcus has a predilection for dissemination, which commonly results in menin-
goencephalitis or fungemia. In immunocompromised patients or those with neurologic
symptoms, it is recommended to obtain a lumbar puncture for evaluation, which, if intra-
cranial pressure is elevated, also allows for therapeutic removal of CSF. Unfortunately,
thrombocytopenia precluded this assessment in our patient (2).

Cryptococcus species are variably sized, narrow-necked budding yeasts with an aver-
age size of 6 mm (range, 2 to 10 mm) (1). Hematoxylin and eosin (H&E) stains do not
stain Cryptococcus species well, but both the periodic acid-Schiff (PAS) stain and
Grocott’s methenamine silver (GMS) stain can highlight the organisms in histopathol-
ogy sections (1, 5). The Cryptococcus capsule is best visualized using the mucicarmine
stain. The calcofluor white stain uses a fluorochrome that nonspecifically binds to chi-
tin in fungal cell walls and can be used to visualize the organism in direct smears from
body fluids and tissues, but it does not aid with visualization of the polysaccharide cap-
sule (5). India ink staining is another rapid and inexpensive, but nonspecific, tool to
detect encapsulated yeast cells. However, this stain is no longer routinely used due to
its low sensitivity compared to that of CrAg tests (1, 5).

Cryptococcus spp. can be cultured on common mycology media such as Sabouraud’s
dextrose agar (SDA), inhibitory mold agar (IMA), brain heart infusion (BHI) agar, and bird
seed agar (Staib’s medium), but they also grow on blood agar plates used in bacteriol-
ogy laboratories (5). Cryptococcus species are, however, sensitive to cycloheximide, and
therefore, cycloheximide-containing media should be avoided (1). Colonies on SDA are
characteristically white and creamy and typically mucoid due to capsule production.
Interestingly, in this case, subculture of the original unencapsulated Cryptococcus isolate
ultimately led to a mucoid appearance and capsule production after 10 days as demon-
strated by positive India ink staining (Fig. 2). This is consistent with other case reports of

FIG 2 Capsule modulation by Cryptococcus over time in vitro. (a) Nonmucoid cultures on Sabouraud’s
dextrose agar (SDA) from original specimen 4 days postculturing; (b) India ink staining of culture
indicating no visible capsule production; (c) mucoid Cryptococcus colonies following 10 days of
subculture on SDA; (d) India ink staining of mucoid colonies, with clearing indicating the presence of
a capsule.
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unencapsulated Cryptococcus species with a negative antigen test (6). Fungal culture for
Cryptococcus is considered the gold standard diagnostic method, although recovery of
the organism from the specimen may take up to a week or longer depending on the ini-
tial organism burden. Following growth in culture, methods such as MALDI-TOF MS and
Sanger sequencing, using targets such as the D1/D2 region of the large ribosomal subu-
nit gene or the internal transcribed spacer region gene, can be utilized for identification
and differentiation between the various Cryptococcus species (1, 5).

Detection of CrAg can be achieved via latex agglutination (LA) or the more recently
developed lateral flow immunoassay (LFA). Many laboratories have transitioned away
from LA assays due to the requirement for reagent refrigeration, longer turnaround time
(45 min), and lower sensitivity for non-HIV patients with cryptococcosis and for patients
with C. gattii infections. In contrast, the CrAg LFA is a rapid (,15 min) and reliable
method for detecting circulating antigen from either species in serum and CSF (7). The
CrAg LFA provides a semiquantitative titer; however, it does not differentiate between
Cryptococcus species (7). Although the CrAg LFA is highly sensitive and specific (i.e.,
.95%), false-negative results can occur due to high background from hemolyzed blood
or postzone effect (7, 8). This immunologic phenomenon indicative of excess of antigen
(postzone) in patient samples, as opposed to excess antibody (prozone) levels, ultimately
results in the inadequate formation of antibody-antigen complexes and can lead to
false-negative results by either agglutination or immunochromatographic methods. In
cases in which the CrAg results are discrepant from results of other diagnostic testing,
investigations may include performing additional specimen dilutions in an effort to
dilute out the target analyte to reach an optimal antigen-antibody proportion, also
known as the zone of equivalence (8). In this case, diluting the serum sample still did not
result in a positive CrAg test. A false-negative CrAg test may also occur due to extremely
low fungal burden or the lack of a capsule, as the CrAg tests detect the capsular glucuro-
noxylomannan antigen of Cryptococcus species.

Cryptococcus can modulate capsule formation based on host response, and thus, an
early culture lacking a capsule (e.g., negative by India ink stain) suggests a capsule-defi-
cient Cryptococcus, although this is not definitive. Lack of host immune pressures in vitro,
as well as repeat subculturing, including at different temperatures (i.e., 30°C versus 37°C),
can also affect capsule production. Thus, it is notoriously challenging to definitively iden-
tify a capsule-deficient Cryptococcus infection. False-positive CrAg LFA results are also
possible and are reported to occur for patients with Trichosporon, Capnocytophaga, or
Stomatococcus mucilaginosus infections (9). Additionally, low positive titers (i.e., #1:5)
should be interpreted with caution for patients at low risk for cryptococcosis (9).

The mainstay antifungal treatment for severe forms of cryptococcosis is combination
therapy with amphotericin B and flucytosine (2). In patients with fungemia, meningoen-
cephalitis, or other forms of disseminated infection, induction treatment with combina-
tion amphotericin B and flucytosine for at least 2 weeks is recommended. However, a
recent clinical trial showed that single high-dose infusion of liposomal amphotericin B
followed by fluconazole and flucytosine was noninferior to a longer course of amphoteri-
cin B induction (10). In settings where such treatment is unavailable, alternatives include
a longer course of amphotericin B monotherapy, high-dose fluconazole with flucytosine,
or very-high-dose fluconazole. Induction therapy is followed by consolidation and main-
tenance therapy with fluconazole. Other triazoles, such as voriconazole and posacona-
zole, are expected to remain active, although clinical data regarding their efficacy are
limited. Posaconazole was used as consolidation therapy in our patient due to concur-
rent need for antifungal prophylaxis targeting molds such as Aspergillus spp. and mucor-
mycoses. Initial monotherapy with fluconazole is typically reserved for patients with mild
or asymptomatic localized pulmonary cryptococcal infection.

While it has classically been assumed that capsule-deficient cryptococcal strains are
less virulent, it remains unclear how capsule deficiency may affect clinical manifestations
and outcomes in cryptococcosis; limited data suggest that these infections are similar to
those with normal capsule production (11). Nonetheless, given the reliance on CrAg
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testing, the potential diagnostic delay due to capsule-deficient Cryptococcus presents a
challenge that laboratory personnel and clinicians should be aware of and reinforces the
importance of performing fungal culture for patients with suspected cryptococcosis.

SELF-ASSESSMENT QUESTIONS

1. Which stains can best identify capsule production in Cryptococcus species?
a. Hematoxylin and eosin (H&E)
b. Fontana-Masson stain
c. Mucicarmine
d. Calcofluor white stain

2. False-negative CrAg results may occur due to:
a. Short duration of cryptococcal fungemia
b. Elevated rheumatoid factor
c. Immunosuppression
d. Postzone effect

3. What is the preferred initial treatment for fungemia with Cryptococcus species?

a. Amphotericin B with flucytosine
b. Itraconazole
c. Fluconazole
d. Posaconazole

The Brief Case Journal of Clinical Microbiology
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ANSWERS TO SELF-ASSESSMENT QUESTIONS

1. Which stains can best identify capsule production in Cryptococcus species?

a. Hematoxylin and eosin (H&E)

b. Fontana-Masson stain

c. Mucicarmine

d. Calcofluor white stain

Answer: c. The aluminum in mucicarmine stains forms a chelating complex with
carmine giving it a positive charge which allows it to bind to low density acidic
substrates such as the mucin present in the Cryptococcus capsule. Hematoxylin
and eosin (H&E) does not allow for optimal visualization of Cryptococcus yeasts.
Periodic acid-Schiff (PAS) and calcofluor white stains can help demonstrate
narrow budding yeasts such as Cryptococcus but cannot differentiate the
presence of a capsule. The Fontana-Masson stain is typically used to detect
melanin-producing organisms. Although melanin production is a major
virulence factor of neurotropic Cryptococcus, melanin is deposited in the cell
walls, and therefore, Fontana-Masson does not stain the capsule.

2. False-negative CrAg results may occur due to:

a. Short duration of cryptococcal fungemia

b. Elevated rheumatoid factor

c. Immunosuppression

d. Postzone effect

Answer: d. The presence of excessive levels of antigen in the sample (postzone)
can lead to inefficient complexing between the CrAg and both the soluble and
adhered anti-CrAg antibodies on the lateral flow assay, leading to false-negative
results. Other causes of false-negative CrAg results include low fungal organism
burden and capsule-deficient Cryptococcus.

3. What is the preferred initial treatment for fungemia with Cryptococcus species?

a. Amphotericin B with flucytosine

b. Itraconazole

c. Fluconazole

d. Posaconazole

Answer: a. The combination amphotericin B and flucytosine is considered first-
line therapy for severe cryptococcal infection, fungemia, and cryptococcal
meningoencephalitis. High-dose fluconazole is used in later phases of treatment
but can be an alternative initial treatment in combination with flucytosine if first-
line therapy is unavailable. However, monotherapy with flucytosine should not
be administered due to the possibility of rapid development of resistance.
Posaconazole and itraconazole have anti-Cryptococcus activity but would not be
routinely considered for initial treatment of severe or disseminated infection.
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TAKE-HOME POINTS

� Causes of false-negative cryptococcal antigen testing include low fungal burden,
postzone effect, and the lack of or deficient capsule production. Fungal cultures
should always be performed for patients with suspected cryptococcemia.

� Cryptococcus species typically cause infection in immunocompromised patients,
such as those with HIV and solid-organ transplant and/or stem cell transplant
recipients, although infections in immunocompetent persons have been reported.

� Cryptococcus is best visualized with periodic acid-Schiff (PAS) stain and Grocott’s
methenamine silver (GMS) stain, although hematoxylin and eosin (H&E) and
calcofluor white staining can be used.

� Cryptococcemia and disseminated cryptococcal infections are typically treated
with at least 2 weeks of combination amphotericin B and flucytosine followed
by prolonged azole therapy.
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Page 103

A49847112A49847112



�� ������	
���������������
�	����������
�����������������������	���	��������������������	

�� ��� !"#$��#"%&�'( )*+ , -#". )/�#0! !+)*-0�12'3� �%!+#)/ )�4�105�20)/)*��'$-"!0!�3*+0#0!+��#"%&678 .0!+95"#!+�!-)/ *:;<=> -?#"* -�".!+#%-+ �0�&%/,"*)#$�� !0)!0;<@3>ABC -"#"*)� #%!�� !0)!0;D -",&%+0��+",":#)&?$>;E � !-#0+0�-?" -0�0F&0# ,0*+E�( 0,0#: *:�)*+ , -#". )/�#0! !+)*-0E�(8A10+ �*+ , -#". )/�(0! !+)*-0�8%#�0 //)*-0�10+5"#GE;>; E%#"&0)*�;0*+#0�H"#�> !0)!0�=#0�0*+ "*�)*��;"*+#"/E;'' E%#"&0)*�;"*H0�0#)+ "*�"H�'0� -)/�'$-"/":$�E8;'3>AEI38� E%#"&0)*�8"- 0+$�"H�;/ * -)/�' -#". "/":$�)*��3*H0-+ "%!�> !0)!0!�I%*:)/�3*H0-+ "*�8+%�$��#"%&�E'J 7K<�E!!0*+ )/�'0� - *0!�J !+��II3 �/".)/��-+ "*�H"#�I%*:)/�3*H0-+ "*!��= �/".)/��-+ "*�=/)*�L"*��'(M�J�88 7K<��/".)/��*+ , -#". )/�(0! !+)*-0�)*��N!0�8%#�0 //)*-0�8$!+0,K8;D ?)0,"&" 0+ -�!+0,�-0//�+#)*!&/)*+)+ "*3�  *�)! �0�)!&0#: //"! !3;N  *+0*! �0�-)#0�%* +3I>  *�)! �0�H%*:)/�� !0)!03=;  *H0-+ "*�&#0�0*+ "*�)*��-"*+#"/

3(38  ,,%*0�#0-"*!+ +%+ "*� *O),,)+"#$�!$*�#",038K�' 3*+0#*)+ "*)/�8"- 0+$�H"#�K%,)*�4��* ,)/�'$-"/":$�J'3; /"5A�)*��, ��/0A *-",0�-"%*+#$'�J>3AD<I ,)+# FA)!! !+0��/)!0#��0!"#&+ "*P "* Q)+ "*�+ ,0�"H�O :?+';>� ,%/+ -# +0# )��0- ! "*�)*)/$! !'E; , * ,%,�0HH0-+ �0�-"*-0*+#)+ "*'3; , * ,%,� *? . +"#$�-"*-0*+#)+ "*'(; '0� -)/�(0!0)#-?�;"%*- /�;0*+#0'8�E(; '$-"!0!�8+%�$��#"%&�E�%-)+ "*�)*��(0!0)#-?�;"*!"#+ %,=;( &"/$,0#)!0�-?) *�#0)-+ "*=R= STUVWXYZ[\][�̂]_X̀UY]]�&*0%,"* )(4> #0!0)#-?�)*���0�0/"&,0*+(0J�@(� D?0�J)+ *��,0# -)*�)*��;)# ..0)*�10+5"#G�H"#��*+ , -#". )/�(0! !+)*-0�8%#�0 //)*-0�L8&)* !?�)-#"*$,MD6 +%.0#-%/"! !N8�;>; N* +0��8+)+0!�;0*+0#!�H"#�> !0)!0�;"*+#"/�)*��=#0�0*+ "*7K< 7"#/��K0)/+?�<#:)* Q)+ "*7K<�6==J 7K<�.)-+0# )/�&# "# +$�&)+?":0*!�/ !+7K<�I==J 7K<�H%*:)/�&# "# +$�&)+?":0*!�/ !+7K<����I==J 7K<���� !"#$��#"%&�"*�+?0�I==J

abbcdefghfijk�gjl�gmcijnok�pqrstsuq�vsrwxywxv�zs{�y|xw{�yxr|}wr~t�w}��y��~}��s{��wvvx�w}~yws}�sz�y|x��wvr{xyx��|swrx����x{w�x}y�������uts�~t�v�{�xq���12'3���E%#"&0)*�;"*H0�0#)+ "*�"H�'0� -)/�'$-"/":$�LE;''M��E%#"&0)*�8"- 0+$�"H�;/ * -)/�' -#". "/":$�)*��3*H0-+ "%!�> !0)!0!�I%*:)/�3*H0-+ "*�8+%�$��#"%&�LE8;'3>AEI38�M���/".)/��-+ "*�I%*��H"#�I%*:)/�3*H0-+ "*!�L��II3M��3*+0#*)+ "*)/�8"- 0+$�H"#�K%,)*�)*���* ,)/�'$-"/":$�L38K�'M��J)+ *��,0# -)*�)*��;)# ..0)*�10+5"#G�H"#��*+ , -#". )/�(0! !+)*-0�8%#�0 //)*-0�L(0J�@(���8&)* !?�)-#"*$,M��'0� -)/�(0!0)#-?�;"%*- /�;0*+#0�L'(;M�)*��'$-"!0!�8+%�$��#"%&�E�%-)+ "*�)*��(0!0)#-?�;"*!"#+ %,�L'8�E(;M���xrw~t�y|~}�v�ys�y|x������y{~yxuwr�~}���xr|}wr~t����wvs{q��{s���zs{��}yw�wr{s�w~t��xvwvy~}rx��������p���zs{�y|xw{�~��wrx�~}��rs}y{w��yws}���w}~}rw~t�v���s{y��I%*� *:�H"#�+? !�#0&"#+�5)!�G *�/$�&#"� �0��.$�+?0��"�0#*,0*+�"H��%!+# )���+?0��"�0#*,0*+�"H��0#,)*$�)*����(>=�
Page 104

A49847112A49847112



���

������	
�������������������������������������� ����!����������������"��#�������"��������������������$�"��#�%��"�%���&�'���(����������$�������"�����������������������������������"#�������)&*+���""�������� ���������������$��������!!��,�����"#�-&./���""�������� ���0��#�#���1�%�� �� �����������$�����������������(�"���������������&�2�������� ��$��3���!����� �����4����"�$�"� ��"� �� ����1���0���0�������"����������5�6'�7�������������0���""�����!������"��"#����������������!��������!�!�"������&�8 ������������������������������6'������� �""������$#�"�����������������9��"��#������������������������������%�""��������������������������"������������������#���������&'��!����� �����%�����������1������"�����������������0��0��#�"���"�������������������������1�"������������!�����#����9��"��#��������������"���������������$�������������������"������������!�������&�:����9����"#1���������!����$"��������������� �����,����$�����&���*;)+1�<=>���0�"�!�������?����$�������"�!������#�!�� ������"����5<=>�@AAB7����� �������,��������������������$�������"��������������� �"!���"0���C���"�$�"�������1����"������� ��������� �������0�"�!�����5DE'7������%�����������&����!�����$#�� ��@AAB1�<=>� �����%���0�"�!���� ��?���������"�!������#�!�� ������"����5<=>�6AAB7&�8 ��<=>�6AAB����� ��?�����"�$�"������������#���������""#�!�������C�������"�!�� �����1�������������� ����������DE'�����������!�����0���!�$"��� ��"� ���!�������&�8 ��<=>�6AAB����������������������0������ ���������� �����!�"��#������0������������������ ���� ���"�$�"����!�������������"�������������������������"�����������&8 ����0�"�!��������� ��"������""�%�������"�����������������������"#����5F:'27��!!���� &�8 ��!�������C������!�����������������������"�!�� ������� ���������������0���0��������������$�������#������������"����������������% �� ���������������������� ����������������������������� �""�������,���&�8 ��!�� ���������"�����%�������3��1�� �����������C��������� ����!������#�����!��5�������"1� �� 1�����������7&�8 ���������"�����!����"�����GHIJKLMLMMNO�PQLRLHSTPO1�GTPUVUT�TNHVO1�WOJQHXVYYNO�RNSVXTKNO�����GTPUVUT�TYZVMTPO[�8 �� �� �����!����"�����\T]TOQLSIMQO�XYTZHTKT�̂GTPUVUT�XYTZHTKT_1�̀VOKLJYTOST��!!&1����#��������������0��������1�F�����"��1�aNOTHVNS��!!&1�GTPUVUT�KHLJVMTYVO�����GTPUVUT�JTHTJOVYLOVO&�6���""#1�!�� ���������� �������������!�����bMQULOJLHVNS��!!&1�cLSQPKLOJLHT�JHLYVdMTPO1�GLMMVUVLVUQO��!!&1�eVMfVT�]NUHVTghQgQVV�̂GTPUVUT�]HNOQV_1�GHIJKLMLMMNO�XTKKVV1�iTYTHLSIMQO�STHPQRRQV1�ePQNSLMIOKVO�jVHLgQMVV�����eTHTMLMMVUVLVUQO��!!&8 ������������!��!��������������������������������!�"��#��3���1�!�$"��� ��"� �!����������"�������� ������3� �"����1���������������!��0����� ���0���""����!��������� ����!������#������"�!�� �����1����"������!��0�������� ����0�"�!�����������������"����������������&�8 ����!�����#����������������������!��!����1������������k�5)7�������� ������"�$������#���!����#��������0��""����l�5*7���������$"����0������������������� 1���0�"�!����1���������0�����l�����5m7�!�$"��� ��"� ������0�������&:�����������������������������!��0��� �����#��"��#��������������!����#����������������"�������������������!����������0��""����&��������������,��1�� ������ ����9����������!%�����!!���� &�8 ��������������������������$"����0������������������� 1���0�"�!����1���������0�����&�F������0�����������������������$������#��"��#�������� 1�DE'�������������"��������������������������&�����0���0���!!���� ������������������!����C���������������C��� ��������������������������������"�������"�$�""#&������������1�!�$"��� ��"� ������0���������������������� �� "�� ��� ����!����������������"�����������1����"������� ���� ������!�������������"��������������!������#�!�� ���������������"�5�"�����"7�����!�$"��� ��"� ����������!���������������������"������""�"�0�"�������������&�n���"��"#1���""�$����������������������������9������������������ ����!����������������"��������������������������� ��>���=��"� ��!������&6���""#1��������"�0���������������������"������,�����������$����3����������������������% �"����!"���������� ��<=>�6AAB�����������!������#��������&

Page 105

A49847112A49847112



���� ������	
���������������
�	����������
�����������������������	���	��������������������	

�

����� !�"!�#$�%!"&'
()*+�+)�#!"'�,)-�.��� ���.#"'-)./) �

0&.)!�&/ ��� ()*+�+)�')!)'.�-".�.�
1)2).3"/$,3.��-)4!)#) �

.''5,)&.)#�63�)�3*#. .''5789:;<;9�=>9?@9A9B

�
C"/3*#".'"!)�'!"-�D,)*.E,3+".'"!�&/�

(",,�+�"�+3. �,��)�2&+!�)6F363���
G)-)!"/$,3.�/)!*3H3� �(!$'#",",,&.��)##��  *3&/",$.#�.�I�!"63,�� � )!),",,�+�"�+3.��

J3+�&/� !�"!�#$�%!"&'
.''5.''5

.''5789:;<;9�K@LMN<B

(!�#�,)-� !�"!�#$�%!"&'(!$'#",",,&.�*3"O"!/)*.� � ()*+�+)�)&!�.� ()*+�+)�)-4�,)*.�P.'3!��--&.�O&/��)#&. � �

J&,"!)-3.Q&/$,3#"/)
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9. Implementation 
and use of the WHO 
FPPL and priority areas 
for action 
The WHO FPPL is the first global effort to 
systematically prioritize fungal pathogens, 
considering their unmet R&D needs and perceived 
public health importance. The WHO FPPL aims 
to focus and drive further research and policy 
interventions to strengthen the global response 
to fungal infections and antifungal resistance . 
Currently, there is a clear need for an evidence 
base to inform public health interventions - both in 
terms of disease impact and improved delivery of 
care . To address this need, three key broad areas 
for action were identified: improved surveillance, 
targeted support for R&D and innovation, and 
enhanced public health interventions. These inter
linking action areas build on and reinforce each 
other (Fig. 2). 

9.1. Surveillance 

Fig. 2. Proposed priority areas for action 

AMR : ant imicrobial res istance; R&D: research and development; 
WHO FPPL: World Health Orga nization fu nga l priority pathogens 
list . 

Context. Closing the large knowledge gaps identified in burden, both of disease and antifungal 
resistance, will require coordinated investment in both laboratory-based and clinical surveillance. This 
must happen at the national, regional, and international levels . 

Achieving the goal of improved laboratory surveillance will depend on access to mycology laboratories, 
which are also essential for optimal patient care and overall patient safety. While many first-line tests 
(e.g. microscopy and culture) can be readily implemented in standard microbiology laboratories, access 
to these tests is still limited in many countries around the world. Other tests such as MALDI-TOF 
(matrix-assisted laser desorption/ionization time of flight) mass spectrometry systems, real-time PCR 
(polymerase chain reaction), and antifungal therapeutic monitoring are currently too costly and limited 
mostly to high-income settings . Addressing this limitation requires a stepwise approach, for example as 
described in a 2015 report by Global Action for Fungal Infections (30) . 

Large-scale susceptibility data collection with clinical data linkage will facilitate the development of 
clinical breakpoints for these fungal pathogens, many of which are not currently available. In 2019 
the WHO Global Antimicrobial Resistance and Use Surveillance System (GLASS) initiated a global 
collaborative effort to compile available data on fungal infections, expanding its original scope from 
bacterial infections to include fungi. The first pathogen(s) included in the pilot phase are Candida spp., 
focusing on bloodstream infections in hospitalized patients (31). 

Improved clinical surveillance will depend on the level of knowledge and education regarding clinical 
presentation and risk factors for infections cause by these pathogens . Affordable access to diagnostic 
tools at the point of care is essential for optimal patient care, and for surveillance data generation . Such 
diagnostic tools include imaging tests (e.g. CT and MRI), advanced sampling (e.g. bronchoscopy, CT 
guided biopsy) and other technologies for accurate diagnosis. 

Finally, diagnostic capacity underpins antibiotic, and antifungal stewardship. Accurate diagnoses 
promote the rational use of antifungal agents and reduce unnecessary empiric antimicrobial use (32). 
Access to quality diagnostics for fungal diseases is essential part of the WHO AMR agenda (Box 1). 

8 WHO fungal priority pathogens list to guide research. development and public health action 
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����� !"#��$%&�'()*+,�-./012345�65�2�32174�710.8�09�9.:76�/0:565;6:7�09�<699414:;�74:412=�-./012345�214�730>233?�<65;16>.;4<�2:<�/2.54�2�@6<4�584/;1.A�09�6:94/;60:�;41A4<�A./01A?/0565=�,�-./012345�821;6/.3213?�6:94/;�6AA.:0/0A810A654<�82;64:;5�>.;�/2:�0//.1�6:�;B054�@6;B�80013?�/0:;10334<�<62>4;45�A4336;.5�2:<�;B054�@B0�B2C4�4D84164:/4<�;12.A2E�821;6/.3213?�5F6:�2:<�509;G;655.4�6:H.1645=,�I:C256C4�A./01A?/0565�65�2�3694G;B142;4:6:7�<654254�@6;B�B67B�A01;236;?=�J142;A4:;5�5./B�25�5.1741?�2:<�2:;69.:723�274:;5�214�2C2632>34=�KL%MLN%O-./012345�65�2�32174�710.8�P6=4=�Q1<41R�09�730>233?�<65;16>.;4<�82;B074:6/�A0.3<5E�6:/3.<6:7�STUVWXYZ�588=E�[Y\W]�588=E�̂U\T_TÙaUb�588=E�2:<�0;B415=�JB4?�/2:�6:94/;�;B4�B.A2:�B05;�29;41�58014�6:B232;60:E�810<./6:7�A./01A?/0565=�JB4149014E�;B4�-./012345�/0AA0:3?�2994/;�;B4�3.:75�2:<�56:.545E�2:<�/2:�58142<�;0�;B4�4?4E�/4:;123�:41C0.5�5?5;4A�2:<�725;106:;45;6:23�;12/;=�c.:723�6:C2560:�/2:�2350�0//.1�;B10.7B�5F6:�>142F5�2:<�29;41�>.1:5�01�0;B41�;12.A2;6/�6:H.1645=�-./012345�/2::0;�>4�;12:5A6;;4<�>4;@44:�82;64:;5�P:0�B.A2:G;0GB.A2:�;12:5A65560:R=�I:C256C4�A./01A?/0565�4584/6233?�2994/;5�6AA.:0/0A810A654<�82;64:;5E�5./B�25�/2:/41�2:<�;12:5832:;�82;64:;5d�6;�B25�2350�>44:�@433�<45/16>4<�6:�;B054�@6;B�80013?�/0:;10334<�<62>4;45�A4336;.5�2:<�;B054�@B0�B2C4�5.99414<�;12.A2�6:H.1645=�e65F�92/;015�901�A./01A?/0565�6:/3.<4�:4.;1084:62�2:<�<62>4;45�A4336;.5=�J12.A2�@25�2350�2�165F�92/;01�901�5.>/.;2:40.5�A./01A?/0565=�I:C256C4�A./01A?/0565�65�2�C41?�54160.5�<654254E�@6;B�A01;236;?�12:76:7�910A�fgh�;0�ijh�6:�2<.3;�82;64:;5E�2:<�.8�;0�kf=kh�6:�824<62;16/�82;64:;5=�l2;2�0:�34:7;B�09�5;2?�6:�B0586;23�214�36A6;4<E�>.;�6;�B25�>44:�14801;4<�;0�>4�2>0.;�mnomk�<2?5=�JB4�<47144�;0�@B6/B�;B4�6:82;64:;�5;2?�65�2;;16>.;2>34�;0�A./01A?/0565�B25�:0;�>44:�<4;41A6:4<=�p30>23�2::.23�6:/6<4:/4�12;45�/2::0;�>4�2554554<�<.4�;0�;B4�32/F�09�5;.<645=�p4:4123�808.32;60:G>254<�6:/6<4:/4�12;45�@414�80013?�<45/16>4<=�J14:<5�0C41�;B4�325;�mj�?4215�5B0@�2:�6:/14254=q14C4:;2>636;?�09�6:C256C4�A./01A?/0565�65�/B2334:76:7=�r0�C2//6:4�65�2C2632>34=s//455�;0�/0:C4:;60:23�<627:05;6/5�2:<�2C2632>636;?�2:<�29901<2>636;?�09�4C6<4:/4G>254<�;142;A4:;5�214�.:F:0@:=�s:;69.:723�14565;2:/4�65�<6t/.3;�;0�<4;41A6:4E�25�/36:6/23�>142F806:;5�B2C4�:0;�>44:�45;2>365B4<=�-Iu5�901�2v0345�214�74:41233?�B67B41�901�[Y\W]�588=�/0A8214<�@6;B�STUVWXYZ�588=�-./012345�214�74:41233?�5.5/48;6>34�;0�2A8B0;416/6:�wE�23;B0.7B�50A4�584/645x5;126:5�/2:�B2C4�B67B�-Iu5=�-./012345�214�6:B414:;3?�14565;2:;�;0�y./0:2v034E�C016/0:2v034�2:<�4/B6:0/2:<6:5=J0�0C41/0A4�;B4�F:0@34<74�728E�<4C4308A4:;�09�>4;;41�<627:05;6/5�65�:44<4<=�s350E�A014�5?5;4A2;6/�;45;6:7�P6:/3.<6:7�6:�C6;10�2:<�6:�C6C0�5?:417?R�09�2�321741�:.A>41�09�65032;45�841�584/645�65�:44<4<�;0�45;2>365B�/36:6/23�>142F806:;5=�JB4�5.5/48;6>636;?�<2;2�:44<�;0�>4�/011432;4<�@6;B�/36:6/23�<2;2�;0�45;2>365B�/36:6/23�>142F806:;5=�q14C4:;2;6C4�5;12;47645E�6:/3.<6:7�08;6A6v2;60:�09�2:;69.:723�8108B?32D65E�5B0.3<�>4�4D83014<�6:�810584/;6C4�5;.<645E�;074;B41�@6;B�4C23.2;60:�09�A01>6<6;?�0.;/0A45=�p30>23�5.1C46332:/4�5B0.3<�74:412;4�A014�/0:565;4:;�A425.145�09�6:/6<4:/4�12;45�2:<�814C234:/4�;0�2330@�>4;;41�.:<415;2:<6:7�2:<�/0A821650:�09�<65;16>.;60:�2:<�;14:<5�901�6:C256C4�A./01A?/0565=

Page 128

A49847112A49847112



�����������	
�������
�������������������������������

����������  !��"#$�%&'()*�+,-./0,1�2334�56789:�;8�<�7<=:6�:69>2�8?�:785<77@�AB2;=B5>;6A�C7<D69;8>2�?>9:B�EFBGF�<=6�?8>9A�B9�9<;>=6�<9A�G<9�B9?6G;�F>D<92�;8�G<>26�?>2<=B82B24*�H9I<2BI6�?>2<=B82B2�B2�<�7B?6J;F=6<;69B9:�AB26<26K�EB;F�D8=;<7B;@�=<9:B9:�?=8D�LMN�;8�OPN4*�Q=6<;D69;�B2�ABRG>7;�A>6�;8�B99<;6�=62B2;<9G6�;8�D<9@�8?�;F6�G>==69;7@�<I<B7<576�<9;B?>9:<7�<:69;24ST#UTV#W+,-./0,1�2334�<=6�<�:=8>3�8?�3<;F8:69BG�D8>7A24�XFB76�:785<77@�AB2;=B5>;6AK�;F6@�8GG>=�D82;7@�B9�;=83BG<7�=6:B8924�QF6@�<=6�2<3=8;=83F2K�?8>9A�3=6A8DB9<9;7@�B9�28B7K�A6G8D3826A�8=:<9BG�D<;;6=�<9A�37<9;24�+,-./0,1�2334�G<9�G<>26�B9I<2BI6�AB26<26�YB9I<2BI6�?>2<=B82B2ZK�D<B97@�8?�;F6�=623B=<;8=@�2@2;6D�<9A�;F6�6@62�Y[6=<;B;B2ZK�5>;�G<9�<728�AB226DB9<;6�;8�;F6�G69;=<7�96=I8>2�2@2;6D�<9A�8;F6=�8=:<924�QF6@�<=6�[98E9�;8�G<>26�?>9:<6DB<�A>6�;8�;F6B=�G<3<GB;@�?8=�<AI69;B;B8>2�238=>7<;B894�H9I<2BI6�?>2<=B82B2�B2�<�26=B8>2�B9?6G;B89�;F<;�6236GB<77@�<??6G;2�BDD>98G8D3=8DB26A�3<;B69;2K�2>GF�<2�;F826�EB;F�F<6D<;878:BG<7�D<7B:9<9GB62�8=�382;JF<6D838B6;BG�2;6D�G677�;=<9237<9;<;B89�Y\]̂QZ4�_B2[�?<G;8=2�?8=�B9I<2BI6�?>2<=B82B2�B9G7>A6�<G>;6�D@678BA�76>[<6DB<K�<778:696BG�\]̂QK�G@;8D6:<78IB=>2�=6<G;BI<;B89�<9A�3=6269G6�8?�2[B9�762B892�382B;BI6�?8=�+,-./0,1�2334�<;�5<267B964`8=;<7B;@�=<;62�YMaJA<@Z�=<9:6A�56;E669�LMN�<9A�OPN�?8=�B9I<2BI6�?>2<=B82B2�<9A�E6=6�6236GB<77@�FB:F�?8=�B9?6G;B892�B9I87IB9:�+b�-cd.e0�236GB62�G8D376f�<9A�+b�g/cd0hi/.j,14�QF6=6�<=6�98�A<;<�89�769:;F�8?�F823B;<7�2;<@�?8=�B9I<2BI6�?>2<=B82B24�k9A8:698>2�69A83F;F<7DB;B2�G<9�G8D37BG<;6�B9I<2BI6�?>2<=B82B2�5>;�B2�>9G8DD89�Yl�maNZ4�QFB2�G<9�=<=67@�G<>26�IB2><7�7822n57B9A96224�_<=67@K�69>G76<;B89�B2�=6o>B=6A�;8�3=6I69;�57B9A96224�p785<7�<99><7�B9GBA69G6�=<;62�G<998;�56�<226226A�A>6�;8�;F6�7<G[�8?�2;>AB624�Q=69A2�8I6=�;F6�7<2;�ma�@6<=2�2F8E�<9�B9G=6<264�q=6I69;<5B7B;@�B2�78E4�r8�I<GGB96�B2�<I<B7<5764�s9;B?>9:<7�3=83F@7<fB2�F<2�5669�6I<7><;6A�B9�<�7BDB;6A�9>D56=�8?�2;>AB62�2F8EB9:�I<=B<576�=62>7;24�sGG622�;8�AB<:982;BG2�B2�D8A6=<;6K�<9A�<I<B7<5B7B;@�<9A�<??8=A<5B7B;@�8?�6IBA69G6J5<26A�;=6<;D69;2�<=6�78E4�s9;B?>9:<7�=62B2;<9G6�B2�FB:F4�+,-./0,1�2334�266D�;8�56�B9F6=69;7@�=62B2;<9;�;8�D82;�<9;B?>9:<7�<:69;2K�<7;F8>:F�98�G7B9BG<7�5=6<[38B9;2�F<I6�5669�62;<57B2F6A4�t<26A�89�̀ Ĥ2K�2>2G63;B5B7B;@�;8�<u8762�B2�:696=<77@�78E6=�;F<9�;8�8;F6=�<9;B?>9:<7�D6ABGB9622K�2>GF�<2�<D3F8;6=BGB9�t4�+b�-cd.e0�2F8E6A�=6A>G6A�2>2G63;B5B7B;@�;8�<u8762�G8D3<=6A�EB;F�989J+b�-cd.e0�236GB624�Q8�8I6=G8D6�;F6�[98E76A:6�:<3K�D8=6�B9?8=D<;B89�89�D8=;<7B;@�<9A�G8D37BG<;B892�A>6�;8�B9I<2BI6�?>2<=B82B2�B2�966A6A4�p696=<77@�78E�2>2G63;B5B7B;@�E<2�8526=I6A�?8=�G>==69;�<9;B?>9:<7�D6ABGB9624�sGG8=AB9:7@K�2@96=:@�2;>AB62�<9A�2>526o>69;�G89;=8776A�G7B9BG<7�2;>AB62�<=6�966A6A�;8�G8D3<=6�<9A�83;BDBu6�G>==69;�A=>:�G8D5B9<;B8924�pBI69�;F6�7BDB;6A�;=6<;D69;�83;B892K�;F6�6RG<G@�8?�<9;B?>9:<7�3=83F@7<fB2�966A2�;8�56�62;<57B2F6A�B9�7<=:6=K�G89;=8776A�G7B9BG<7�;=B<72K�;8:6;F6=�EB;F�D8=6�=B:8=8>2�=B2[�?<G;8=�<9<7@2B24�]>=I6B77<9G6�A<;<�<=6�966A6A�;8�>9A6=2;<9A�;F6�:785<7�AB2;=B5>;B89�<9A�;=69A2�?8=�+,-./0,1�2334�B9?6G;B892�B9�I<=B8>2�=6:B892�8;F6=�;F<9�H9AB<�<9A�t=<uB74
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���������� ��!"#!#���$%�&������ �'#�(��)*+�,-./01�234536�789:36;<=;=33�>?6@9396�7:8A=3B�CD�E�FGHIEJ�KELMNIOH�PMCQM�QEH�QEGDO�CHFOQLCNHD�NF�LMO�RGQNDEO�NS�KSNTGQO�CHUEDCUO�QEHTCTCEDCDV1�WHUEDCUO�QEHTCTCEDCD�CD�E�JCFOXLMSOELOHCHI�TCDOEDO�PCLM�MCIM�RNSLEJCLYV1�ZSOELROHL�CD�KNDDC[JO�EHT�EHLCFGHIEJ�SODCDLEHQO�CD�NF�QNHQOSH�\RNTOSELO]̂�ED�EFFNSTE[JO�EQQODD�LN�OFFOQLCUO�LSOELROHL�SOICROH�CD�DLCJJ�JCRCLOTV_̀*àb*c234536�789:36;<=;=33�>?6@9396�7:8A=3B�CD�E�IJN[EJJY�TCDLSC[GLOT�NKKNSLGHCDLCQ�KELMNIOHCQ�YOEDLV�WL�CD�E�QNRRNH�ROR[OS�NF�LMO�MGREH�RCQSN[CNLEV�dNPOUOŜ�CL�QEH�CHUETO�RGQNDEO�EHT�QEGDO�NSNKMESYHIOEJ�QEHTCTCEDCD̂�NODNKMEIOEJ�QEHTCTCEDCD̂�UGJUNUEICHEJ�QEHTCTCEDCD�EHT�QGLEHONGD�QEHTCTCEDCDV�WL�QEH�EJDN�QEGDO�CHUEDCUO�QEHTCTCEDCDV�WHUEDCUO�QEHTCTCEDCD�CD�E�DOSCNGD�HNDNQNRCEJ�CHFOQLCNH�LMEL�ODKOQCEJJY�EFFOQLD�QSCLCQEJJY�CJJ�EHT�CRRGHNQNRKSNRCDOT�KELCOHLDV�ZMO�KSNKNSLCNH�NF�KELCOHLD�DGFFOSCHI�FSNR�QNRKJCQELCNHD�EHT�DOeGEJEO�CD�HNL�POJJ�fHNPH�TGO�LN�E�JEQf�NF�TELEVWHUEDCUO�QEHTCTCEDCD�PCLM�2g�789:36;<=;=33�MED�EH�NUOSEJJ�RNSLEJCLY�SEHICHI�FSNR�hhi�LN�jki�CH�ETGJL�KELCOHLDV�lCRCLOT�TELE�ESO�EUECJE[JO�NH�JOHILM�NF�DLEŶ�[GL�CL�CD�QNHDCTOSOT�QNRKESE[JO�LN�CHUEDCUO�CHFOQLCNHD�PCLM�NLMOS�?6@9396�DKKV�ZMO�EHHGEJ�CHQCTOHQO�CD�RNTOSELOm�IJN[EJ�EHHGEJ�CHQCTOHQO�SELOD�ESO�TCnQGJL�LN�EDDODD�TGO�LN�LMO�JEQf�NF�DLGTCODV�ZSOHTD�NUOS�LMO�JEDL�op�YOESD�ESO�QNHDCTOSOT�LN�[O�DLE[JOV�qSOUOHLE[CJCLY�NF�CHUEDCUO�QEHTCTCEDCD�[Y�2g�789:36;<=;=33�CD�JNPV�rN�UEQQCHO�CD�EUECJE[JOV�qSOUOHLCNH�NF�QNJNHCsELCNH�EHT�DGSUOCJJEHQO�ESO�fOY�CH�RNHCLNSCHI�KELCOHLD�EL�SCDf�FNS�?6@9396�CHFOQLCNHDV�tOCHFNSQOROHL�NF�MEHT�MYICOHO�NH�PESTD�QNGJT�[O�E�IOHOSEJ�CHFOQLCNH�QNHLSNJ�ROEDGSO�LN�KSOUOHL�CHFOQLCNHD̂�CHQJGTCHI�2g�789:36;<=;=33VuQQODD�LN�TCEIHNDLCQD�CD�RNTOSELÔ�EHT�EUECJE[CJCLY�EHT�EFFNSTE[CJCLY�NF�OUCTOHQOX[EDOT�LSOELROHLD�ESO�JNPV�uHLCFGHIEJ�SODCDLEHQO�CD�RNTOSELÔ�ED�2g�789:36;<=;=33�CD�QNHDCTOSOT�CHLSCHDCQEJJY�SODCDLEHL�LN�vGQNHEsNJOm�[GL�SODCDLEHQO�LN�NLMOS�EsNJOD�EHT�OQMCHNQEHTCHD�CD�JNP�\pwxi]V�WHUEDCUO�QEHTCTCEDCD�LSOELROHL�GDGEJJY�CHQJGTOD�OQMCHNQEHTCHD̂�EJLMNGIM�NLMOS�EHLCFGHIEJD̂�DGQM�ED�EsNJOD̂�RCIML�[O�GDOTV�yQMCHNQEHTCHD�POSO�CHQJGTOT�CH�LMO�yzl�CH�{p{o�[GL�ESO�DLCJJ�GHEUECJE[JO�CH�REHY�QNGHLSCODVZN�NUOSQNRO�LMO�fHNPJOTIO�IEK̂�TELE�NH�RNS[CTCLY�\MNDKCLEJCsELCNH�EHT�TCDE[CJCLY]�EHT�EHHGEJ�CHQCTOHQO�ESO�HOOTOTV�|JN[EJ�DGSUOCJJEHQO�DLGTCOD�EHT�DLSNHIOS�DGSUOCJJEHQO�DYDLORD�QNGJT�[OLLOS�CHFNSR�LMO�TCDLSC[GLCNH�KELLOSH�NF�LMO�KELMNIOH�CH�QNRKESE[JO�DLGTY�KNKGJELCNHDV�}KOQC~Q�KSOUOHLELCUO�ROEDGSOD�[EDOT�NH�SCDf�FEQLNSD�DMNGJT�[O�O�KJNSOT�FNS�LMOCS�KNLOHLCEJ�[OHO~L�EHT�FOEDC[CJCLY�FNS�CRKJOROHLELCNHV
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ABSTRACT 

Background: The burden of fungal disease in the UK is unknown, but was estimated in 2002 by the 
Health Protection Agency. A few data are systematically collected. We have re-estimated the annual 
burden of invasive and serious fungal disease. 

Methods: We used several estimation approaches including voluntary laboratory reports. We 
searched and assessed published estimates of incidence, prevalence or burden of specific conditions 
in various high-risk groups; studies with adequate internal and external validity allowed 
extrapolation to estimate current UK burden. For conditions without adequate published estimates, 
we sought expert advice. 

Results: The UK population in 2011 was 63,182,000 with 18% aged under 15 and 16% over 65. The 
following annual burden estimates were calculated: invasive candidiasis (IC) 5,142; Candida 
peritonitis complicating chronic ambulatory peritoneal dialysis 88 and the remainder captured under 
IC; Pneumocystis pneumonia 207 to 587 cases, invasive aspergillosis (IA), excluding critical care 
patients 2,901 to 2,912, and IA in critical care 387 to 1,345 patients, utilizing different external 
assumptions, <100 cryptococcal meningitis cases. We estimate 178,000 (50,000–250,000) allergic 
bronchopulmonary aspergillosis cases in asthma, and 873 adults and 278 children with cystic 
fibrosis. Chronic pulmonary aspergillosis is estimated to affect 3,600 patients, based on burden 
estimates post tuberculosis and in sarcoidosis.  

Conclusions: Much uncertainty is intrinsic to most burden estimates due to diagnostic limitations, 
lack of national surveillance systems, few published studies and methodological limitations. The 
largest uncertainty surrounds IA in critical care patients.  Further research is needed to produce a 
more robust estimate of total burden.  

 

Word count: 250 
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BACKGROUND 

Invasive fungal disease is thought to be increasing in frequency in the United Kingdom (UK) due to a 
variety of factors including increased survival time from previously lethal illnesses and an increase in 
prevalence of conditions and treatments leading to immunosuppression. Understanding of the 
overall burden of invasive fungal disease in the UK is limited as there is no formal systematic or 
mandatory surveillance programme specific to fungal infections, although active surveillance 
networks exist for candidaemias (voluntary laboratory reporting1) and specifically for candidaemias 
in neonates (voluntary reporting2). In addition, several debilitating chronic and allergic fungal 
diseases, amenable to antifungal therapy have come to greater prominence.  An analysis of 
laboratory reports of fungal infections was carried out in 20013, which highlighted the likelihood of 
underestimating total burden due to the challenges involved in laboratory diagnosis and the 
voluntary nature of the laboratory reporting system. In 2008, the UK health Protection Agency 
issued a report entitled “Fungal Diseases in the UK: The current provision of support for diagnosis 
and treatment: assessment and proposed network solution”4. A rough annual burden estimate of 
many fungal diseases was made in this report, but not subsequently published. The UK community 
of experts in this area has been active in developing best practice standards for the UK and beyond 
for the diagnosis and clinical management of fungal disease5,6,7,8,9. A necessary next step for 
healthcare and research prioritisation is to quantify this burden with improved tools and an 
expanded range of serious fungal infections. 

 

 

METHODS 

We used the UK Office for National Statistics 2011 Census data10 to estimate UK population size. We 
used this as the 2011 census is the most recent census in the UK. 

We have estimated the annual incidence of the following invasive fungal infections: cryptococcal 
disease and meningitis, Pneumocystis pneumonia, invasive aspergillosis, candidaemia and Candida 
peritonitis, as well as oesophageal candidiasis. In addition, we have estimated the prevalence of 
chronic pulmonary aspergillosis, allergic bronchopulmonary aspergillosis (ABPA) and severe asthma 
with fungal sensitisation (SAFS). Information on incidence, prevalence and total burden of these 
conditions in the UK is limited. Where such information was available for the UK or certain countries 
within the UK (where UK estimates were not available), we included it in the study. One example is 
data from the voluntary surveillance of candidaemia in England, Wales and Northern Ireland1.  

Where the information was not available we used a pragmatic approach: for each fungal condition, 
we considered which populations were most at risk of the condition, sought published estimates for 
incidence or prevalence measures for the condition in these specific risk populations, and applied 
these rates to available published estimates of size of these high risk populations in the UK (or 
certain countries within the UK where UK estimates were not available). 
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Where multiple estimates of incidence or prevalence were published, we considered both internal 
and external validity of the studies in deciding on which estimate to use. The methods used for 
estimating burden of the specific fungal conditions are outlined below. 

Selection criteria for published estimates of incidence: for many of the severe fungal infection, there 
is a paucity of published estimates of incidence, therefore we had to be pragmatic in our approach. 
Where more than one published estimate was available, we prioritised studies with the best 
applicability to the UK population (i.e. where UK studies were available we used these, if not we 
used studies from countries with as comparable a population as possible, where non-UK studies 
were selected, this is made clear in italics in the fungal infection section of the methods) and those 
with the largest sample sizes (where multiple studies were considered, this is made clear in the 
fungal infection section of the methods). 

 

Pneumocystis pneumonia 

First method 

Prior to March 2013, no published estimates of incidence, prevalence or total burden were available 
for England except for AIDS patients (PHE HIV in the UK report16) therefore our initial approach was 
pragmatic. 

The high risk populations identified and the data source used to estimate their current size included 
AIDS patients (PHE HIV in the UK report16) and patients who had received various transplants (Tx) - 
Heart Tx, Kidney Tx, Liver Tx and Lung Tx or Heart and Lung Tx patients (Organ donation and 
Transplantation Activity Report 2013/1411). 

An estimate of total burden amongst the AIDS patient population for 2011 to 2013 was published in 
the PHE HIV in the UK report16, we divided this estimate by three to obtain an average yearly 
estimate.  

The incidence rates specific to transplant high risk populations were found from a variety of studies 
including: Cardenal et al.12 for Heart Tx patients; Wang et al.13 for Kidney Tx, Liver Tx and Lung Tx/ 
Heart + Lung Tx patients. 

Second method 

A UK study estimating the incidence of Pneumocystis pneumonia over an 11 year period using 4 data 
sources was published in March 201314. This showed that the incidence had increased significantly 
over the study period. We aimed to estimate the total burden for the most recent year of the study 
(2010) based on figures reported in the paper for each of the 4 data sources: Hospital Episode 
Statistics (HES) data - the paper reported the number of cases in 2010; Routine Laboratory Reporting 
- the paper reported a range for number of cases in 2008-2010, we used the central point of this 
range; Death Certificate Data - the paper reported the number of cases in 2010; HIV Surveillance 
Data - the paper did not report a number or range for total number of cases in the later years of the 
study, we obtained an estimate by extrapolating from figure 3 of the paper. 
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Cryptococcal meningitis:   

No published estimates of incidence, prevalence or total burden were found for the UK. We 
obtained an estimate based on a simple direct question to the largest mycology referral laboratories 
in the UK (Bristol, Leeds and Manchester) of the frequency of positive cryptococcal antigen test 
results. One publication was found which reported on trends in incidence and numbers of fungal 
meningitis15, but this covered all fungal infections and was not specific to cryptococcal infection.   

The high risk populations identified included newly diagnosed HIV infection. We used the PHE HIV in 
the UK report16 to estimate the current size of this population. The incident rate for this high risk 
population was obtained from Patel et al.17 

 

Invasive aspergillosis 

We took a pragmatic approach to estimating the burden of invasive aspergillosis. The high risk 
populations identified and the data source used to estimate their current size included: Allogeneic 
hematopoietic stem cell transplantation (HSCT) and autologous HSCT patients (The British Society of 
Blood and Marrow Transplantation Registry 18); Heart Tx, Lung Tx, Liver Tx and Kidney Tx (Organ 
donation and Transplantation Activity Report 2013/1411); AIDS patients (HPA HIV in the UK report16); 
Acute myeloid leukaemia  (AML), Acute lymphoblastic leukaemia (ALL), Chronic myeloid leukaemia 
(CML), Chronic lymphocytic leukaemia (CLL), Non Hodgkin lymphoma (NHL), Hodgkin lymphoma (HL) 
and Myeloma patients (UK Cancer Registry 19); Chronic granulomatous disease (CGD) patients (Jones 
et al.20); Chronic obstructive pulmonary disease (COPD): emergency hospital admissions (Di 
Santostefano et al.*21); Critical Care Patients (Hospital Episode Statistics, Adult Critical Care in 
England: April 2013 to March 201422); patients with lung cancer (UK Cancer Registry19) 

The incidence rates specific to the above high risk populations were found from a variety of studies:  
Lortholary et al.23 (for Allogeneic and Autologous HSCT patients, and for Heart Tx, Lung Tx, Liver Tx, 
and Kidney Tx patients) –these estimates were not for the UK population but the French population; 
Keshishian C. Health Protection (HPA) Mycology Network - Rapid evaluation of incidence estimates 
(Unpublished)24 (for AIDS patients); Pagano et al.25,† (For AML, ALL, CML, CLL, NHL, HL and myeloma 
patients) –these estimates were not for the UK population but the Italian population; Beauté et al.26,‡ 
(for CGD patients) –this estimate was not for the UK population but the French population; Guinea et 
al.27 (for COPD: emergency hospital admissions) –this estimates were not for the UK population but 
the Spanish population, another study reporting an incidence estimate was considered (Xu et al28) 

* We used the HES-based 4 year study to estimate yearly average number of COPD emergency admissions. We 
excluded the day cases as these were unlikely to develop invasive aspergillosis. We used the estimated 
incidence in the last year of the study (2007) 
† The paper reports total yearly number of cases of invasive mould infections according to malignancy type. It 
also reports that 90% of mould infections were caused by Aspergillus spp. We calculated malignancy-specific 
incidence rates for invasive aspergillosis by applying the 90% rate to the total number of cases of mould 
infection per malignancy type and dividing this by the total number of patients with the malignancy. 
‡ The paper reported an overall incidence of invasive fungal disease (IFD) per patient year, and reported that 
40% of IFDs were cause by invasive aspergillosis. The overall incidence rate was applied to the estimated 
population size, and 40% of the resulting estimate of overall IFD burden was used for the burden of invasive 
aspergillosis. 
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but the sample size for the study was significantly smaller than that of Guinea et al so we did not 
include it;  A wide range of estimates from different studies29  for critical care patients, see 
sensitivity analysis discussion below –these estimates were not for the UK population but the Belgian 
and Spanish populations; Yan X et al.30 for patients with lung cancer –this estimate was not for the 
UK population but the Chinese population. 

 

Critical care patients: Sensitivity analysis 

The largest risk-group population by far for invasive fungal infection in our study was patients in 
critical care at risk of invasive aspergillosis, regardless of which type of critical care unit is 
considered. Therefore any variation in incidence rate could lead to a significant change in estimated 
burden. We carried out a sensitivity analysis to reflect this. 

Activity data is available for a broad range of critical care units in England22. The most common type 
of admission to ICU amongst cases of invasive aspergillosis is medical admission, and the most 
common reasons for admission respiratory and cardiovascular disease31, therefore we considered 
two broad groups of critical care units in the sensitivity analysis. The first was medical intensive care 
units (ICUs) and other ICUs where length of patient stay is likely to be similar to that of medical 
ICUs§, the second was all ICUs, excluding spinal units. 
 
There is a wide range of published estimates for incidence of invasive aspergillosis in patients in 
critical care: from 0.3% to 19%29. Key factors include: the type of critical care unit considered, and 
whether or not studies were autopsy controlled. Further complications include the facts that no non-
invasive diagnostic test (for example isolation of Aspergillus from respiratory cultures) is sensitive or 
specific enough to establish definite diagnosis32, and that it is difficult to distinguish colonisation 
with Aspergillus from infection with Aspergillus32. 

We focused on those studies that specifically examined the incidence of invasive aspergillosis in 
critical care units. Four such studies were found, one had a small sample size (n=24) and did not 
report an incidence estimate so was not considered here33. The other three, from which incidence 
rates estimates were used, are listed in table 4 with their characteristics and the populations they 
apply to. 

We adjusted estimates of burden to account for double counting of patients already counted in 
groups were we assumed that the majority of those who developed invasive aspergillosis would 
require ICU admission (solid organ transplant patients and COPD emergency admissions).  

 

Chronic pulmonary aspergillosis 

§ Critical care episodes were counted from table 14 of the Critical Care report 2013-1422, critical care unit 
functions included in this group were: Non-specific general adult critical care, Medical adult patients, Liver 
patients predominate, Renal patients predominate 
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Chronic pulmonary aspergillosis complicates a wide spectrum of underlying lung disease of which 
the commonest conditions are pulmonary tuberculosis (PTB), non-tuberculous mycobacterial lung 
infection, COPD, sarcoidosis, and allergic aspergillosis complicating asthma39. 

An estimate of the annual number of patients with chronic pulmonary aspergillosis after pulmonary 
tuberculosis (PTB) has recently been published34. For most countries, this was based on a 22% rate 
of chronic pulmonary aspergillosis after PTB in those with cavities of 2.5cm or greater and 2% in 
those without a residual cavity, but in the absence of UK data, the assumed rate or residual 
cavitation after PTB was 12% (range in other countries 21-35%35,36,37). To generate a 5 year period 
prevalence a 15% attrition rate was assumed, accounting for surgical resection and death.  

An estimate of the rate of chronic pulmonary aspergillosis complicating sarcoidosis in the UK was 
also recently published38. Numerous other antecedent underlying pulmonary conditions are found in 
patients with chronic pulmonary aspergillosis39, and the relative proportions of these were used to 
estimate the total UK burden.  

A separate approach was taken using referrals to the National Aspergillosis Centre from the north 
west of the UK, based on population and regional variation in directly age-standardised mortality 
rates (DSR). Just over 100 new patients are referred annually to the National Aspergillosis Centre40. It 
was assumed that referral was near complete in the NW of the UK to the National Aspergillosis 
Centre because of excellent clinical links and proximity. Using published directly age-standardised 
respiratory disease mortality rate for under year 75 olds (DSR)41 and regional populations42, we 
derived an annual potential diagnosable burden, based on current respiratory medicine practice, 
which approximates to an annual incidence (table 3).    

 

Allergic bronchopulmonary aspergillosis (ABPA) 

ABPA complicates asthma and cystic fibrosis (CF). The global burden of asthma has been re-
estimated recently, a total of 334 million in all ages (4.85% of the global population)43 and 193 
million adults with active asthma44. The UK has one of the highest rates of asthma in the world, an 
estimated 16-18.2% of adults with clinical asthma45, or nearly 8.2-9 million (age 15 and older) 46. 
Other more recent data of asthma prescription data from the UK, put the total rate at ~5.4 million, 
including children. As the prevalence in children is 88% of the adult rate, we derived an adult 
number of asthmatics of 4.4 million (our lowest and base case estimate).  

There are no population data for ABPA or any surrogate marker such as IgE from the UK. An abstract 
from one hospital tracking IgE and Aspergillus IgE levels in 330 consecutive referrals to an asthma 
clinic found a 1.5% rate of probable ABPA with most diagnostic features and 13% with both an 
elevated total IgE and Aspergillus IgE47. A base case estimation of ABPA rates in adults was made, 
using a median prevalence of 2.5% from referrals to secondary care. This 2.5% rate is derived from 
rates of 0.78% and 4.1%44,48 from 6 national studies all done in consecutive referrals over a defined 
period to a specialist chest physician for problematic asthma. Deterministic sensitivity analyses 
relating to different asthma populations rates and ABPA rates were also derived.  

ABPA is reported in children, but is probably rare49, and there are no epidemiology studies published 
to estimate a rate.  
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We ascertained the number of individuals in the UK over the age of 18 with CF from 2011 annual 
report.  Using the distribution frequency described by Baxter et al50, we derived the likely numbers 
of adults with aspergillosis in CF in the UK. ABPA in CF is well recognised in older children and 
teenagers, and we have used the annual CF report for this purpose51.  

 

Severe asthma with fungal sensitisation (SAFS) 

As SAFS is another distinctive pattern of asthma usually associated with sensitisation to multiple 
fungi and responsive to antifungal medication52,53,54,55 we estimated the UK burden of this entity. 
While recently described in children56, it is rare, and so not estimated. Severe asthma is defined by a 
poor level of current clinical control including a risk of frequent severe exacerbations (or death) 
and/or chronic morbidity. Severe asthma includes untreated severe asthma, difficult-to-treat severe 
asthma, and treatment-resistant severe asthma. In a multi-country comparison of the role of fungal 
sensitisation in severe asthma, 21% were defined as severe57. In other studies58 lower frequencies of 
severity are recorded59, including a recent estimate of 3.6%, depending on many factors, and we 
have used an arbitrary figure of 5% as our base case to embrace both severe refractory and 
compliant difficult to control asthmatics. We have also computed a sensitivity analysis. 

Fungal sensitisation becomes more common the worse the asthma, with rates ranging from ~25% of 
patients referred to a specialist to 75% for those repetitively admitted to hospital. We have used a 
rate of 60% to be conservative. 60,61,62,63 

 

Candidaemia 

There is a voluntary surveillance system in England that collects laboratory reports of all 
microorganisms isolated (including fungi) at approximately 400 NHS and other laboratories 
throughout England, Wales and Northern Ireland. The database which compiles this data is called 
LabBase21. Surveillance reports are published in PHE weekly Health Protection Reports64. 

Blood culture has a poor sensitivity for detecting Candida species: a 2011 systematic review of the 
diagnostic accuracy of PCR techniques for invasive candidiasis65 identified 10 studies reporting the 
sensitivity of blood cultures. The pooled culture positivity rate in patients with proven or probable 
invasive candidiasis was 0.38 (95%CI: 0.29 to 0.46)65. A more recent US study using PCR and beta 1.3-
D-glucan detection derived a similar figure66. Therefore we made the assumption that the total 
number of positive blood culture samples represented 38% cases of proven or probable invasive 
candidiasis tested by blood culture techniques.  

 

Candida peritonitis 

We took a pragmatic approach to estimating the burden of Candida peritonitis. 

The two main risk groups for this condition in the UK are: surgical ICU patients and patients on 
chronic ambulatory peritoneal dialysis (CAPD). 
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Surgical ICU patients 

We assumed that the majority of cases in surgical ICU patients would be counted in the estimate of 
total number of cases of invasive candidiasis discussed above. 

CAPD patients 

To estimate the number of patients on CAPD in England every year, we used data from the NICE 
Clinical Guideline 125: Kidney disease: peritoneal dialysis: Costing report, Implementing NICE 
guidance67. 

To estimate the incidence of peritoneal candidiasis in patients on CAPD, we used an estimate 
reported on the Leading International Fungal Education (LIFE) website68. This incidence estimate was 
reported as episode per patient year. In our calculation of attributable burden, we assumed that all 
CAPD patients in England stay on CAPD for at least a year. 

 

Oesophageal candidiasis 

The main risk group for this condition in the UK is probably AIDS patients. Oesophageal candidiasis is 
an AIDS defining illness. The number of cases reported in the UK between 2011 and 2013 was 
reported in the PHE HIV in the UK report16. We divided this figure by three to obtain a yearly 
estimate of burden.  

Another approach to estimating the burden was also taken using published estimates of yearly 
incidence amongst HIV patients on anti-retroviral therapy69 -this estimate was not for the UK 
population but the USA population- and estimates of numbers of HIV patients on anti-retroviral 
therapy in the UK16. 

 

Mucormycosis 

Occasional cases of mucormycosis occur in the UK, usually highly immunocompromised patients, 
occasionally in intravenous drug addicts, burn or trauma victims or diabetic patients, and rarely 
related to hospital transmission (Lancet tongue depressors). Most diagnoses are made histologically 
or on direct microscopy specimens, culture sensitivity is low. No data are collected systematically. 

To estimate the number of mucormycosis cases in the UK, we applied the French population 
incidence found from published studies70,71 to the UK population (no UK estimate of incidence 
available). 

 

Other rarer infections 

Other rarer infections are not well tracked in the UK, including imported endemic mycoses 
(histoplasmosis and coccicioidomycosis for example) and are rare from experience of experts at the 
national Aspergillus centre. Likewise serious infections related to unusual filamentous fungi such as 
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Fusarium or Scedosporium do occur, the former in leukaemic patients, the latter in some cystic 
fibrosis patients and rarely as an invasive pathogen.  

 

 

Results 

RESULTS 

The UK population in 2011 was 63,182,000 with 18% aged under 15 and 16% over 651010.  

Pneumocystis pneumonia:  

An average yearly total burden of 157 Pneumocystis pneumonia (PCP) diagnoses was found for the 
AIDS patient population in the UK16 using our first estimation approach. 

The estimates of population size, population-specific incidence rate and yearly burden of disease 
obtained for patients who had received various transplants in the UK are outlined in table 1 

Table 1: Estimates of population size, specific incidence rates and yearly burden of Pneumocystis 
pneumonia for solid organ transplant populations. 

Population Population size Incidence rate Yearly burden of 
disease 

Heart Tx 195 5.5% 11 
Kidney Tx 2,244 0.3% 7 
Liver Tx 830 1.15% 9 
Lung Tx or heart and 
lung Tx patients 

397 5.78% 23 

Total 50 
 

The total estimate of burden of PCP for both AIDS patients and solid organ transplant populations in 
the UK was 207. This estimate ignores other immunocompromised patients, such as haematological 
malignancy and severe autoimmune disease. 

Second method 

Our second estimation approach yielded a total UK burden of 587 cases of PCP for 2010. 

 

Cryptococcal disease and meningitis:   

An estimate of up to 100 cases per year for the UK was obtained from the reference laboratories  

It is unclear whether this is an underestimate or an overestimate as it is estimated that in 2011 there 
were a total of 51 fungal meningitis cases (all fungi, based on culture). However this 2011 estimate is 
based on voluntary laboratory reporting and furthermore, there is some evidence that cryptococcal 
infections are under-reported15. Many diagnoses of cryptococcal disease are based on cryptococcal 
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antigen alone, and while meningitis is the commonest manifestation of disease, other organs are 
affected. It is likely that the vast majority of these cases were in HIV-infected individuals and in 2013 
~6,000 new HIV infections were diagnosed16 above. 

 

Invasive aspergillosis 

The estimates of population size and (p), population-specific incidence rate (i) and burden of disease 
(n) obtained for high risk populations in the UK excluding critical care units patients are outlined in 
table 2 

Table 2: Estimates of population size, specific incidence rates and yearly burden of Invasive 
aspergillosis for well recognised at risk groups 

Population Population size Incidence rate Yearly burden of 
disease 

Allogeneic HSCT 1,615 8.1% 131 
Autologous HSCT 2,225 0.9% 20 
Heart Tx 195 4.8% 9 
Lung Tx 397 4.1% 7 
Liver Tx 830 0.8% 7 
Kidney Tx 2,801 0.3% 8 
AIDS patients 320 0.6% to 4% 2 to 13 
AML 2,921 7.1% 207 
ALL 654 3.8% 25 
CML 675 2.3% 15 
CLL 3,233 0.5% 16 
NHL 12,783 0.8% 103 
HL 1,845 0.4% 7 
Myeloma 4,792 0.2% 9 
CGD 119 iall IFD= 0.040/patient-

years** 
nall IFD= 4.76, nCGD=2 

Total 568 to 579 
 

Therefore a total of 568 to 579 patients in well recognised at risk groups. Some cases in 
haematological patients will have been prevented with antifungal prophylaxis. Only lung Tx 
recipients with true IA are included, omitting those with airways infection and colonisation, all of 
whom are treated. 

The estimate for patients with pulmonary disease are outlined in table 3 

Table 3: Estimates of population size, specific incidence rates and yearly burden of Invasive 
aspergillosis for pulmonary disease 

Population Population size Incidence rate Yearly burden of 
disease 

** Overall incidence of invasive fungal disease (IFC) 
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COPD emergency hospital 
admissions 

89,466 1.3% 1,163 

Patients with lung cancer 44,488 2.63%, 1,170 
 

 

 Therefore the estimate for the total yearly burden of IA in the UK for the all of the above groups is 
2,901 to 2,912 

Sensitivity analysis 

Table 4: Sources of estimates of the incidence of invasive aspergillosis in critical care patients 

Study  
 

Study characteristics Population studied 

Meersseman et al. Invasive 
aspergillosis in critically ill patients 
without malignancy. Am J Respir Crit 
Care Med, 200472.  

-Sample size: n=127 
-Autopsy controlled 
-Study aim: to determine the 
incidence of IA in medical 
ICUs 
-Retrospective, single centre 

Patients in medical 
critical care units 

Garnacho-Montero et al. Isolation of 
Aspergillus spp. from the respiratory 
tract in critically ill patients: risk 
factors, clinical presentation outcome. 
Crit Care 200573 

-Sample size: n=1,756 
-Not autopsy controlled 
-Study aim: describing 
characteristics of patients 
with positive samples for 
Aspergillus species 
-prospective, multi-centre (73 
mixed ICUs) 

Patients in any type 
of critical care unit 

Vandewoude et al. Clinical relevance of 
Aspergillus isolation from respiratory 
tract samples in critically ill patients. 
Critical Care 200632 

-Sample size: n=172 
-Not autopsy controlled 
-Study aim: describing 
characteristics of patients 
with positive samples for 
Aspergillus species 
-Retrospective, single centre, 
mixed ICU 

Patients in any type 
of critical care unit 

 

Table 5: Sensitivity analysis for estimation of burden of invasive aspergillosis amongst patients in 
critical care in the UK 

Risk group  

Number in 
Risk Group 

Incidence 
Rate 

Number of 
expected cases   

Patients admitted to medical ICUs 166,645 5.8%72 9,665 
Patients admitted to any ICU (Spinal Units 
excluded) 248,811 1.1%73 2,737 
Patients admitted to any ICU (Spinal Units 
excluded) 248,811 0.33%32  821 
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The results of the sensitivity analysis of IA in critical care are displayed in table 2. The variation 
between highest and lowest burden estimates for medical type ICUs and all type ICUs (spinal units 
excluded) was over 10-fold. This highlights the level of uncertainty over this estimate of burden. Our 
view is that the rate of IA in the UK is probably at the low end of the estimates above, with ~50% of 
the cases occurring in COPD patients72, even though IA is the most common missed infectious 
diagnosis at autopsy74. So a total ICU caseload of between 821 and 2,737 is likely, of which 50% is 
attributable to COPD. Adjusting downwards by 50% for probable double counting of cases of COPD 
emergency hospital admissions (we assumed most of these would be admitted to ICU), and solid 
organ transplant recipients (n=24) resulted in adjusted estimates of 387 to 1,345 cases.  

The total estimate of burden of IA amongst the high risk populations is 2,901 to 2,912 (excluding ICU 
populations) and 3,288 to 4,257 (including ICU populations). This estimate ignores those with solid 
tumours other than lung tumours, autoimmune disease, liver failure and other conditions treated 
with corticosteroids. 

 

Chronic pulmonary aspergillosis  

Chronic pulmonary aspergillosis complicates a wide spectrum of underlying lung disease of which 
the commonest conditions are pulmonary tuberculosis (PTB), non-tuberculous mycobacterial lung 
infection, COPD, sarcoidosis, and allergic aspergillosis complicating asthma39. Some estimates of the 
annual incidence and 5 year period prevalence have been published for pulmonary tuberculosis and 
pulmonary sarcoidosis complicating an estimated 16,270 cases of pulmonary sarcoidosis in the UK38. 
The anticipated annual incidence of each was 118 and 240 respectively. Together these two 
conditions account for about 30% of patients with CPA38 and so an annual diagnosable incidence is 
around 358 cases for these conditions and a total of 1,193 cases. We compared this total, with 
current referral to the National Aspergillosis Centre (Table 3), which is actually 110 per year and 
should be about 204, if all cases are diagnosed and referred in the NW of the UK. Either estimate 
suggests major underdiagnosis.   

Computing prevalence and assuming a 15% annual mortality, including 370 cases following PTB34 
and 830 (range 415-1660). Together these 2 conditions account for about 30% of patients with 
CPA38, consistent with a total UK burden of CPA of ~3,600 cases. As many are asymptomatic in the 
early stages, this number is an over-estimate of those at the more severe end of the spectrum 
requiring therapy.  

Table 6: Estimated maximum annual national referral rates for chronic pulmonary aspergillosis in 
England (2011). 

England Region 

Region 
population <75s 
(Mid year 
estimate 2014, 
ONS) 

Age 
standardised 
DSR for under 75 
mortality 
respiratory 
disease as a 
whole for all 
persons (per 

Region 
DSR as a 
Proportion 
of NW 
DSR 

Unadjusted 
Referrals 
per Year 

Referrals 
/ Million 
for NW 

Estimated 
Region 
Referrals 
per Year 
Adjusted 
by DSR 
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100,000) 

North East 2,394,771 41.2 0.954 13   13 
North West 6,556,394 43.2 1.000 36 5.491 36 
Yorkshire and The 
Humber 4,924,259 38.6 0.894 28   25 
East Midlands 4,254,679 32.1 0.743 23   17 
West Midlands 5,242,342 34 0.787 28   22 
East 5,489,835 25.7 0.595 30   18 
London 8,079,584 31.2 0.722 40   29 
South East 8,107,490 27.2 0.630 45   28 
South West 4,892,429 26.4 0.611 27   16 
TOTAL       270   204 

 

DSR = directly age-standardised mortality rate 

 

Allergic bronchopulmonary aspergillosis (ABPA) 

Using our base case of a rate of 2.5% for ABPA among patients with asthma, 110,667 to 235,070 
adults would be expected in the UK. However, the sensitivity analyses vary by over 10-fold from 
34,528 to 385,515 affected patients. The only partial population based studies from southern Ireland 
and the USA75,76 suggests rates at the lower estimate of published estimates.  Referral and discharge 
patterns across the UK are not uniform, so ABPA is likely to be diagnosed in some areas more often 
than others. However ABPA is only one fungal complication of asthma, as discussed below under 
SAFS.  

Table 7: Sensitivity analyses of ABPA prevalence in adults with asthma in the UK 

 Asthma in UK adults using different estimates 
 Low Medium High 
Asthma cases 4,426,699 8,288,978 9,402,809 
ABPA prevalence 

0.78% 34,528 64,654 73,342 
1.5% 66,400 124,335 141,042 
2.5% 110,667 207,224 235,070 
3.5% 154,934 290,114 329,098 
4.1% 181,495 339,848 385,515 

Severe asthma prevalence  
3.6%  95,617   179,042   203,101  
5%  132,801   248,669   282,084  
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10%  265,602   497,339   564,169  
Fungal asthma prevalence 

50% overlap  121,734   227,947   258,577  
33% overlap  163,124   305,449   346,494  
20% overlap  194,775   364,715   413,724  

 

Of the 4933 adults with CF in the UK, we estimate that 873 adults have ABPA (95% CIs 597-1243) and 
631 people over 15 years old (12.5% of 5062 patients) were documented, indicative of a diagnostic 
gap of 242. The annual CF report also described 278 children and adolescents with ABPA (7.4% of 
3,732 children). In addition, an estimated 1480 (95% CI 1125-1894) have Aspergillus bronchitis. If all 
patients with ABPA and Aspergillus bronchitis benefit from therapy (which needs to be established), 
this totals 2,353 patients. 

 

 Severe asthma with fungal sensitisation (SAFS) 

Asthma severity and fungal sensitisation rise in parallel63. There are ~65,000 admissions to hospital 
with asthma annually, ~40,250 in adults77. Fungal sensitisation rates are not well studied in the UK, 
especially as patients may be sensitised to one or more fungi62. In a series of 121 patients with 
severe asthma in the UK, sensitisation rates by either skin prick testing or IgE were Aspergillus 
fumigatus 45%, Candida albicans 36%, Penicillium spp. 29%, Cladosporium herbarum 24%, Alternaria 
alternata 22%, and Botrytis spp. 18%; 41 (34%) were not sensitised to any fungus tested62. The 
minimum proportion of poorly controlled asthmatics who would be sensitised to a fungus is about 
35%, rising to >75% in the worse patients60. Using a uniform estimate of 60% fungal sensitisation of 
the most severe asthmatics (3.6-10%) between 95,617 and 564,169 UK adults have SAFS or severe 
asthma with ABPA (Table 4).  

There is some duplication between ABPA and SAFS, as sensitisation to A. fumigatus is common to 
both and some ABPA patients have severe asthma. These patients are grouped by some authors as 
having ‘fungal asthma’ or ‘fungal-associated airways disease’.  Part of the definition of severe 
asthma is continuous use of corticosteroids, which is advocated for ABPA, irrespective of the control 
of asthma. Therefore the overlap is uncertain, and requires detailed study. However given that 75% 
of SAFS patients are sensitised to A. fumigatus and that only a minority of ABPA patients remain on 
long term steroids, we show a sensitivity analysis with 20%, 33% and 50% overlap in Table 4, using 
the mid-point estimates for ABPA (2.5%) and severe asthma (5%).  

The overall estimate of adults with ‘fungal asthma’ varies by 3.4 fold, from 121,734 to 413,724, 
primarily dependent on the number of adults with asthma. 

 

Invasive Candidiasis  

Candidaemia 

A total of 1,700 laboratory reports of candidaemia were reported in 2013. Assuming that these 
represent 38% cases of proven or probable invasive candidiasis tested by blood culture techniques, 

I i i i 
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the resulting estimate for the total number of cases in England, Wales and Northern Ireland in 2013 
was: 4,473. 

Scotland had a rate of candidaemia of 4.8 cases per 100,000 population per year shortly after the 
millennium78, yielding an additional 254 bloodstream and 669 invasive Candida cases annually. 

The total estimate of invasive candidiasis burden for the UK was therefore: 5,142.  

This estimate of burden of candidaemia is likely to be an underestimate as reporting from 
laboratories is voluntary, therefore likely to be a degree of under-reporting. Population based 
estimates have been reported in Northern Ireland and Scotland with rates of 6.1 and 4.8 per 100,000 
population78,79 which if extrapolated to the whole population would suggest 2,995 to 3,806 cases 
annually, as compared to the 1,700 reported for England and Wales (~90% of the population). 
Further a six sentinel hospital study in England and Wales found an incidence of 18.7 episodes of 
candidaemia per 100,000 finished consultant episodes (or 3.0/100 000 bed days) in 1997-199980 
which translates for 2014-15 for England only to 3,497 as there were 18.7 million Finished 
Consultant Episodes81, assuming no substantial change in Candida bloodstream rate over time. 

Considering that the estimate is likely to be an under-estimate, within the range of UK candidaemia 
burden estimates between 2,995 and 5, 142, we selected the higher end of the range (5,142) as our 
estimate. 

These data indicate a population rate in the UK of candidaemia and invasive candidiasis of 
3.1/100,000 and 10.1/100,000 respectively. 

 

 

Candida peritonitis 

CAPD patients 

The estimated number of patients on CAPD in England every year was 1,768 year. The estimated 
number of episodes per patient year attributable to Candida in this patient group was 0.05. The 
resulting estimate for total yearly burden in England was 88 cases. 

 

Oesophageal candidiasis 

An average yearly total burden of 43 diagnoses was found as AIDS indicator infections.  

Many additional cases occur, and one estimate was 0.5% of those on anti-retroviral treatment 
annually69. If applied to the UK population of 73,300 on anti-retroviral treatment in 201316, this 
would equate to 367 episodes annually, although these data derive in part from patients without 
full HIV suppression, so could be an over-estimate. Other patient groups also get oesophageal 
candidiasis, but modelling is not realistic currently. 
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Mucormycosis 

The UK population in 2011 was 63,182,000 10, and the estimated population incidence of 
Mucormycosis in France was 0.09 per 100,000 population per year (averaged over 10 years). This 
resulted in a UK estimate of 57 cases per year. 

 

Other rare infections 

Based on expert view, there are probably fewer than 25 such patients annually in the UK. 

 

Totals 

Table 5 summarises the estimates for total expected number of cases for each invasive fungal 
infection and rates per 100,000 population. 

Table 8: Total estimates of burden 

Invasive Fungal Infection  Risk Group  

Number of cases 
expected 

Rates per 
100,000 
population 

Pneumocystis pneumonia All risk groups 207 to 587 0.33 to 0.93 

Cryptococcal meningitis Primarily AIDS 100 0.16 

Invasive aspergillosis 
  

All risk groups except 
Critical Care patients 2,901 to 2,912 4.59 to 4.61 

Critical Care patients 387 to 1,345  0.61 to 2.13 

Chronic pulmonary 
aspergillosis - all 

All risk groups 
204 to 3,600  0.32 to 5.70 

Allergic bronchopulmonary 
aspergillosis (ABPA) 

All risk groups 
110,667 to 235,070 175.15 to 

372 

Severe asthma with fungal 
sensitisation (SAFS) 

All risk groups 
121,734 to 413,724 192.67 to 

654.81 
CandidaemiaInvasive 
candidiasis 

All risk groups 5,142 8.14 

Candida peritonitis CAPD patients 88 0.14 

Oesophageal candidiasis AIDS patients 43 to 367 0.07 to 0.58 

Mucormycosis All risk groups 57 0.09 

Other rare infections 
 

All risk groups 25 0.04 
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Total  241,525 to 662,987 
382.27 to 
1,049.32 

 

The estimated total burden of invasive fungal illness in the UK is between 241,525 to 662,987 
cases per year.  

 

DISCUSSION 

Estimating the burden of invasive fungal infection accurately is challenging due to the lack of a 
dedicated mandatory systematic surveillance system, and the wide range of incidence estimates for 
the largest high-risk populations.  This is likely to be compounded by the combination of lack of 
clinical suspicion and limited sensitivity of traditional diagnostic tests used for invasive fungal illness, 
making it difficult to obtain laboratory confirmation for a significant number of cases. This issue is 
exemplified for IA as this was the commonest major error in infection diagnoses missed in critical 
care patients examined at autopsy74. 

There is a significant level of inaccuracy as our estimation methods have relied on limited published 
information, and there is a wide range of estimates for some of the published incidence rates. This 
high level of uncertainty is reflected in the results of our sensitivity analysis for the estimation of the 
burden of invasive aspergillosis in ICU patients, and in the difference between the estimates of PCP 
burden resulting from the two different calculation methods used. 

The estimate of burden for PCP obtained by the first method is likely to be an under-estimate as 
other high risk populations, notably patients with haematological malignancy and those on high dose 
corticosteroid regimens were not included as no overall incidence rate of PCP could be found in the 
literature for this group. 

The estimate of burden for PCP obtained by the second method should be considered in the light of 
methodological limitations outlined in the paper used: laboratories may be under-reporting as 
samples are not processed for Pneumocystis diagnosis unless clinically requested, and cytological 
techniques can also be used (cases diagnosed in this manner would not be counted in this study) and 
there is potential for double-counting of cases captured both in the HES data set and the Laboratory 
reporting data set. In addition many cases are clinically diagnosed and treated, many correctly, 
without a respiratory sample being obtained to enable laboratory diagnosis.  

The estimates of chronic respiratory disorders associated with Aspergillus and other airborne moulds 
is much larger than any prior estimate, even if the more conservative assumptions are made. There 
is certainly some double counting which we have adjusted for but the population prevalence range 
of fungal asthma of 121,734 to 413,724 is still substantial. Clearly epidemiological studies done in 
general practice are required to establish a more precise estimate. Our data excludes children, in 
whom fungal asthma occasionally occurs82,56.  

The lower end of our estimate of total invasive fungal diseases burden range is likely to be an under-
estimate, as some condition-specific estimates are for England only. There was potential for double-
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counting of cases, however were this was known to be likely, we attempted to account for it by 
adjusting total estimates.  

Estimates of the burden of serious fungal disease for individual countries have been published for 
Austria, Belgium, Brazil, Czech Republic, Denmark, Dominican Republic, Germany, Greece, Hungary, 
Ireland ,  and Israel, Jamaica, Kenya, Mexico, Nepal, Nigeria, Qatar, Russia, Senegal, Sri Lanka, 
Tanzania, Trinidad and Tobago, Uganda, Ukraine, Vietnam  have been published along with 
estimates of chronic and allergic aspergillosis in India83. Burden estimates for many other countries 
and other prospective epidemiology studies are in press and can be used to compare the relative 
rates of infections to address strategies for prevention and clinical management. 

We have not attempted to estimate mortality related to fungal disease in the UK, although others 
have done so for other countries. The reasons we have not attempted this is because overall and 
attributable mortality is not always clearly discernable, the estimates we have provideds have much 
uncertainty attached to them, and adding mortality in addition is likely to add another layer of 
uncertainty. However we do know that undiagnosed invasive fungal infections such as PCP and IA 
are always fatal without specific therapy and Candida bloodstream infections and invasive 
candidiasis have mortalities in excess of 90%, untreated. With treatment, mortality falls, especially 
with PCP in AIDS (~10% mortality) and ~ 350% with IA in non-ICU patients. So an estimate of 
mortality also requires judgements of specific therapy rates, which is unknown for most of these 
disorders. 

 

Strengths and limitations of the study: We acknowledge that the estimates produced in this paper 
and the methods reached to achieve them are crude and vulnerable to significant error due to lack 
of robust surveillance information and paucity of published burden studies in the field. We have 
however made the best attempt possible by: drawing on surveillance data were available; rigorously 
identifying the relevant high risk groups, the best available estimates of population size for these, 
and the best available population-specific incidence rates for these; being explicit about the 
methods used for each individual estimate; and attempted to account for under and over-
estimations well as potential double-counting. We are not aware of any other comprehensive 
burden study for serious and invasive fungal disease in the UK and therefore would argue that 
although imperfect, this study is a useful contribution to the limited body of knowledge in this field. 

 

CONCLUSION 

There is a high degree of uncertainty around the total estimate of burden due to: diagnostic 
limitations, the lack of a systematic national surveillance system, the limited number of studies 
published on the topic and the methodological limitations of calculating the burden. 

To our knowledge, this is the first attempt at a comprehensive estimation of burden of invasive 
fungal infection in the UK. Further studies will likely need to combine methods (pragmatic and 
surveillance-based), take into account any new published information on specific incidence rates, 
and consider using alternative data sources such as the Hospital Episodes System (HES). An accurate 
estimate of total burden will ultimately rely on improved diagnostic testing and laboratory reporting. 

Commented [DD1]: This is where the mortality table goes, if we 
include it.  
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FIG. l. Schematic representation of and dendogram generated from the Dice coefficient complement computed from the CNRE-1 patterns of environmental 
isolates from Japan (J), France (F), the United States (US), and Africa (AF). 

Randomly amplified polymorphic DNA (RAPD) analysis. C. neoformans DNA 
was extracted as previously described (31 ). The fo llowing primers were chosen 
from the literature and tested for their discriminatory power on 20 environmen
tal isolates under various annealing temperatures: (CA)8 RY (25), (GTG)5, 

(GACA)4 (23), the phage M13 core sequence (27), and two enterobacterial 
repetitive intergenic consensus sequences, E R!Cl and E RIC2 (2). PCR was 
carried out in a thermal cycler (Omnigene; Hybaid, Teddington, United King
dom) in 100-µl reaction volumes, each containing 50 ng of genomic DNA, 50 
pmol of primer, 200 µM deoxynucleoside triphosphates, and 2 U of recombinant 
Taq polymerase (Pharmacia Biotech, Uppsala, Sweden), with the manufacturer's 
recommended buffers. 

Two primers, ER!Cl and (GACA)4, were then selected and used to study 
clinical isolates under the following optimized conditions: reactions were cycled 
35 times, with a 4-min denaturation at 94'C, 1 min of annealing each at 28 and 
48'C, and a 2-min primer extension at 74'C. Amplification products were ana
lyzed by electrophoresis through a 2% agarose gel and visualized under UV light 
after being stained with ethidium bromide. The reproducibility of this method 
was confirmed by reanalyzing another DNA preparation from five clinical iso
lates. Jn every case, identical profiles were obta ined (data not shown). 

RFLP analysis. Restriction fragment length polymorphisms (RFLPs) were 
detected by Southern blot hybridization after restriction enzyme SstI digestion of 
total-DNA samples. The restriction fragments obtained were then separated by 
electrophoresis through a 0.8% agarose gel and transferred onto positively 
charged nylon membranes (Boehringer Mannheim, Mannheim, Germany). The 
DNA probe (C. neoformans repetitive element CNRE-1), generously provided 
by E. Spitzer and S. Spitzer (28), was labeled with DIG digoxigenin-11-dUTP by 
using a DIG-High Prime Kit (Boehringer Mannheim). After an overnight hy
bridization at 68°C and stringent washes, bands were detected and exposed 
accord ing to the manufacturer's instructions. Reproducibility was confirmed by 
reanalyzing another DNA preparation from five clinical isolates ( data not 
shown). 

Data analysis. DNA fingerprint patterns were analyzed by using the software 
Taxotron, developed by P. D. Grimont (Institut Paste ur, Paris, France) (17) , 
which automatically identifi ed band positions and compared two profiles by 
calculat ing the Dice coefficient complement (number of different bands per total 
number of fragments in the two profiles). Dendograms were then generated by 
using the unweighted pair group method of average linkage (17) . 

Statistical analysis. The distributions of the pat ients' isolates by subtype ac
cording to the European or African origin were analyzed by using Fisher's exact 
test. 

RESULTS 

Selection of a typing method for environmental isolates. We 
tested different typing methods to evaluate their abilities to 
cluster environmental C. neoformans var. grubii strains accord
ing to their geographical origins. Because RFLP is known to be 
reproducible and easy to perform, we first tested the ability of 

CNRE-1 to geographically classify the isolates. Figure 1 shows 
the Taxotron-derived schematic representation of the RFLP 
profiles obtained after hybridization of CNRE-1 to Sstl-di
gested genomic DNA. Fifteen different profiles were obtained 
for the 17 strains tested. Two Japanese (JS and J4) and two 
African (AF2 and AFl) isolates yielded identical hybridization 
profiles with this probe. Partial clustering of the Japanese (four 
of five) and African (three of five) isolates was obtained, but no 
specific profile could be associated with a given region. There
fore, we tested another molecular technique to determine it 
could further differentiate isolates based on their geographical 
origins. 

Previous studies using RAPD techniques demonstrated geo
graphical clustering among isolates of C. neoformans var. gattii 
(2, 27). RAPD analysis has been applied in several epidemio
logical studies of C. neoformans; however, some questions have 
been raised concerning the interpretation of the profiles gen
erated. The advantages RAPD offers over other methods, par
ticularly speed and ease of execution, made it suitable for 
investigation of the ability to discriminate between C. neofor
mans var. grubii isolates according to their geographical ori
gins. 

Six different primers previously used in some epidemiologi
cal studies of C. neoformans were chosen. Using different am
plification temperatures, they were tested on the control group 
of 17 environmental isolates to which 3 more environmental 
isolates from France were added. Only primers ERICl and 
(GACA)4 revealed roughly the same patterns for strains com
ing from the same geographical region and different patterns 
for strains coming from different continents. Representative 
RAPD profiles obtained with the primer (GACA)4 are shown 
in Fig. 2. Using this primer, all five Japanese isolates had 
profile II, five of the six French isolates exhibited profile I, and 
four of the five African isolates gave profile V or VI. Of the 
four North American isolates, two exhibited profile I and two 
showed profile II. 

Evaluation of clinical isolates with the selected techniques. 
One hundred and three C. neoformans var. grubii clinical iso
lates were then analyzed with the two primers described above. 
Four different profiles were obtained with the primer ERICl. 
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PI France 111 1111 Ill II 
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'---- PS France 11111111 Ill II 
P14 France 111 1111 I 111 II 
P l2 France 1111 II II I 11 II 
PS France II Ill 1111 I 111 II 
P13 Italy 111 II 01 I 111 II 

~-- - P4 Haiti II 0111111 11 I II 
~ ---- P2 France 11 111111 I Ill I I 
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P16 Ivory Coast Ill I I II Ill II I I I 
P2 1 Ivory Coast 11111111 II 1111 II I I I 
P22 Cambcdia 1111 I I II 11 II I I I 

11111 111 Ill I I 
11 I 111111 II I I I 

Pl8 Colombia 11 11111 I II I I I 
'----------- P29 DRC II I I 11 I I I 
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A 

FIG. 3. Schematic represen tation of and dendogram generated from the Dice coefficient complement computed from the CNRE-1 patterns of 29 cl inical isolates. 
African strains (in boldface) are regrouped in clusters A and B (boxed in this figure). DRC, Democratic Republic of Congo. 

patient born in Cambodia. None of the strains from this cluster 
was isolated from a European patient. Cluster B contained 
four strains which were all the profile I subtype, as determined 
by the (GACA)4 RAPD technique. Three of them were iso
lated from patients born in Africa, and one was from a patient 
born in Europe. The strain from the African patient P29 
seemed to be completely different from the others. It was also 
the only strain for which the profile IV subtype was generated 
by the RAPD technique. 

DISCUSSION 

After analyzing the epidemiology of cryptococcosis in 
France (10), we were especially interested in learning more 
about the pathophysiology of this infection. An important issue 
was the time of acquisition of the infecting isolate compared to 
the time of diagnosis: were the infectious particles inhaled 
daily and killed as long as host defense mechanisms were 
efficient, or, on the contrary, would the immune system nor
mally achieve local control without eradication? Since this 
latter mechanism has already been evoked or demonstrated for 
other microorganisms, such as Leishmania spp. (1) and His
toplasma capsulatum (34), and since several lines of evidence 
suggest that it could also occur with C. neoformans, we looked 
for a way to verify this hypothesis. To do so required control 
samples composed of environmental isolates from remote ar
eas (to ascertain their geographical origin), clinical isolates 
recovered from patients whose travels and clinical histories 
were known, and the assessment of various typing methods 

since none has yet been able to correlate geographical origin 
with a specific pattern. 

Indeed, several groups have studied the molecular epidemi
ology of C. neoformans infections and attempted to regroup 
isolates based on their geographical origins. However, the ge
netic differentiation generated by CNRE-1 RFLP analysis 
showed no geographical correlation among strains isolated 
from Brazil and the United States (13) . Using UT-4p, Varma 
and colleagues reported no obvious clustering of the C. neo
formans var. grubii isolates according to geographical origin 
(33), although Garcia-Hermoso and coworkers evoked the 
possibility of geographical clustering (16) when they compared 
the patterns obtained for French isolates to those observed by 
Varma et al. (33) and Kohno (20). Finally, using the multilocus 
enzyme electrophoresis technique, Brandt and colleagues 
found that some subtypes were more common in some areas of 
the United States than in others; however, that finding was not 
confirmed when another typing method (RAPD) was used (3). 
In light of our results, we think that the lack of clear-cut 
regional differences in the previously published studies may be 
due to the population sample from which the clinical isolates 
were recovered (with its lack of patients coming from remote 
places and with known travel histories), the lack of environ
mental isolates from remote areas, and/or the technique se
lected. Indeed, our data show that depending on the sample 
chosen ( environmental or clinical isolates) and the technique 
tested (six primers selected for RAPD or CNRE-1 RFLP) , we 
could have concluded that either there was or was not a geo
graphical clustering of isolates and that the isolates tested 
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0 
i7 

.. .. . .. . . •. 

Spores 

In 

Diagnosis 

Specimens: 
Cerebrospinal 
Blood 
Sputum, trad 
Bronchial was 
Tissue biopsy 

Tests: 
Lateral flow ar 
Agglutination 
Culture growl 
Nucleic acid c 
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�o�P.?35?4A\-0C5�pV>�]4334-35Aw5-9�e>�]4334-35�Uf>�42�50D�v4.;21<-@�5.501=-=�;B�@0-.-@50�5.?�4.C-3;.94.250�@31<2;@;@@:=�.4;B;395.=�-=;0524=�B3;9�f35M-0�34C450=�284�<34=4.@4�;B�EOf�-=;0524=�5.?�5�@;334A052-;.�7-28�6-;0;/-@50�B5@2;3=D�wp;\�z.4�ZGFt̂�F[{[|q�4GFs[Z[rDn�o��5./�YAJ>�V./05.?�XN>�\50C52;3�J>�42�50D�W31<2;@;@@:=�/522--�\<4@-4=�W;9<04Q�5=�5.�;<<;32:.-=2-@�<528;/4.q�:.?4301-./�94?-@50�@;.?-2-;.=�5==;@-524?�7-28�284�-.B4@2-;.D�9f-;�ZGZF̂�FZ{I|q�4GZrGtZFDnno�f43.853?�X>�d;35=-0@85-�O>�e5./;A/;�X>�42�50D�W31<2;U1<4q�<:60-@�?525=42=�B;3�XPpYLAUz]AX\�65=4?�?-BB434.2-52-;.�;B��������������������������������@;9<04QA4=D�]3;.2�W400�L.B4@2�X-@3;6-;0�ZGZF̂�FFq�_[H[tZDnuo�w-3;B=K-�pAP>�W5=5?4C500�PD�L99:.4A94?-524?�?595/4�@;9<0424=�284�<5356;A05q�������������������������<528;/4.4=-=�@5.�34B04@2�284�;:2@;94�;B�5�745K�;3�=23;./�-99:.4�34=<;.=4D�9f-;�ZGFr̂�t{_|q�4GZG_[AFrDnxo�V0=4/4-.1�d>�X533�eP>�d-00-59=;.�wND�L99:.;0;/1�;B�@31<2;@;@@50�-.B4@A2-;.=q�?4C40;<-./�5�352-;.50�5<<3;5@8�2;�<5A2-4.2�28435<1D�]3;.2�L99:.;0�ZGFt̂�sq�_IFDn}o�\2:K4=�\>�W5=5?4C500�PD�E-=:50-M-./�.;.A012-@�4Q;@12;=-=�;B�@31<2;@;@@:=�.4;AB;395.=�B3;9�95@3;<85/4=�:=-./�?-/-250�0-/82�9-@3;=@;<1D�c�E-=�VQ<�ZGFĤ�{sZ|q�4IZGtHDn~o�J5??;7�pc>�W;046:.?43=�N>�X4-.2b4=�v>�42�50D�W31<2;@;@@50�-99:.4�34@;.=2-2:A2-;.�-.B059952;31�=1.?3;94�-.�JLEAFA-.B4@24?�-.?-C-?:50=q�<3;<;=4?�@0-.-@50�@5=4�?4B-.-2-;.=D�p5.@42�L.B4@2�Y-=�ZGFĜ�FGq�rsFAtGZDn�o�P.b:9�\>�d-00-59=;.�wND�W0-.-@50�5=A<4@2=�;B�-99:.4�?595/4�-.�@31<2;@;@@;A=-=D�W:33�]:./50�L.B4@2�N4<�ZGFŝ�F[q�ssAFGtD
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b]3/,,1�OQ�16�538�j-2/3/0].5b�5=�5�e-614H6/53�5,r]426/T1�6M175ed�6-�2-76/2-=617-/,=�/4�27de6-2-2253�e-=6H/4;126/-]=�/4;35.H.56-7d�71=e-4=1�=d4,7-.1�ĝ::sLhC�5�71He-76�-;�6N-�25=1=8�P�93/4�:..]4-3�>?>@A�m@C�>DmEHFF8IJtK�l/2M13M5]cM�LSQ�P54]00/�Pu�P78�v=/4c�576/;/2/53�/46133/c1421�6-�b16617�e71,/26�54,�,1T13-e�b/-.57w17=8�q1576�k5/3�93/4�>?>>A�DfC�>BFHfF8IJxK�R54c�yQ�R54c�OQ�l5==-HL/3T5�PSQ�s/HT175�SQ�_]1�98�S�M156Hw/331,�zZ{|Y[}[}}~��.]6546�=675/4�/4,]21=�M-=6�e7-6126/-4�5c5/4=6�.]36/e31�/4T5=/T1�.d2-=1=�/4�5�

.]7/41�T522/41�.-,138�.i/-�>?DGA�D?gEhC�1?>DmFHDG8IJ�K�Le12M6�9SQ�q-.54��PQ�u11�9OQ�16�538�7̂-6126/-4�-;�./21�5c5/4=6�1�e17/.14653�27de6-2-22-=/=�bd�=d46M1=/01,�e1e6/,1=�,13/T171,�/4�c3]254�e576/231=8�.i/-�>?>DA�D@gDhC�1?@@EB>D8IJ�K��4,/4c�27de6-2-2253�.14/4c/6/=�,156M=�bd�>?@?C�=67561c/2�;75.1N-7w8�L-]6M�S;7/258�>?>D�gM66e=C̀̀,4,/�8�-7c̀��Ne�H�2-46146̀��]e3-5,=̀��>?>D̀��?F̀���4,97de6-2-2253l14/4c/6/=<156M=>?@?�H�L67561c/2k75.1N-7w�H����H�>?>D�8�e,;h8�����������������������������������������������

������ �¡¢£¤¥¢¦�§̈©ª¢¥¤�̈«�¬�¦®¢�¯̈ ¢¤̈¥¦�¦�«ª̈°�¢�±°²̈ª£�³́�µ̈¶¶�·¥¢£�̈¢�̧©£©¶¹�º»¼�½¾½»²�¿̈ª�À�ª¶̈¢¥¤�©¶��̈¢¤́²���̈ �̈¹��ª�©¶�¶� ¹�̈©¹�À�ª°¶¶̈¢²�Á̈À́ª£�¹�Â�½¾½»�¬¥¶¶¥®�©¶�¹¹¶�¬�¦®¥¤�Ã̈®�¹́²�̧¤¤�ª£�¹¶�ª�¶�ªÄ�¦²

Page 189

A49847112A49847112



Medical Mycology , 2024, 62 , myae043 
https://doi.org/10.1093/mmy/myae043 
Original Article 

Crypt ococcosis—a syst ematic review t o inf or m the W or ld 

Health Organization Fungal Pr ior ity P athogens List 

Aiken Dao 

1 , 2 , 3 ,†, Hannah Yejin Kim 

1 , 4 , 5 ,†, Katherine Garnham 

1 ,6 , Sarah Kidd 

7 , Hatim Sati 8 , 

John P erf ect 9 , Tania C. Sorrell 1 , 2 , 3 , Thomas Har r ison 

10 ,11 , Volk er Rick erts 

12 , Valeria Gigante 

8 , 

Ana Alastrue y-Izquier do 

13 , J an-Willem Alffenaar 1 , 3 , 4 , C. Orla Morrissey 

14 ,15 , Sharon 

C-A. Chen 

16 and Justin Bear dsle y 

1 , 2 , 3 

1 Sydney Infectious Diseases Institute, The University of Sydney, Sydney, Australia 
2 Westmead Institute for Medical Research, Westmead, Sydney, Australia 
3 Westmead Clinical School, Westmead Hospital, Sydney, Australia 
4 Sydney Pharmacy School, Faculty of Medicine and Health, The University of Sydney, Camperdown, Australia 
5 Department of Pharmacy, Westmead Hospital, Westmead, Australia 
6 Sunshine Coast University Hospital, Birtinya, Qld 4575, Australia 
7 National Mycology Reference Centre, Microbiology and Infectious Diseases, SA Pathology, Adelaide, Australia 
8 AMR Division, World Health Organization, Geneva, Switzerland 
9 Duke University Medical Center, Durham, NC, USA 

10 Institute of Infection and Immunity, St George’s University London, London, UK 

11 Medical Research Council Centre for Medical Mycology, University of Exeter, Exeter, UK 

12 Robert Koch Institute, Berlin, Germany 
13 Mycology Reference Laboratory, National Centre for Microbiology, Instituto de Salud Carlos III, Madrid, Spain 
14 Department of Infectious Diseases, Alfred Health, Melbourne, Australia 
15 Monash University, Department of Infectious Diseases, Melbourne, Victoria, Australia 
16 Centre for Infectious Diseases and Microbiology Laboratory Services, Institute of Clinical Pathology and Medical Research, New South 
Wales Health Pathology, Westmead Hospital, Westmead, Sydney, Australia 
To whom correspondence should be addressed. Associate Professor Justin Beardsley MBChB, FRACP, PhD; Sydney Infectious Diseases Institute, The 
University of Sydney, New South Wales, Australia. Tel: + 61 2 9351 2222, E-mail: justin.beardsley@sydney.edu.au 
†Joint first authors 

Abstract 

Cryptococcosis causes a high burden of disease w orldwide. T his sy stematic re vie w summariz es the literature on Cryptococcus neoformans 
and C . gattii infections to inform the World Health Organization’s first Fungal Priority Pathogen List. PubMed and Web of Science were used to 
identify studies reporting on annual incidence, mort alit y, morbidit y, antifungal resist ance, pre v ent abilit y, and distribution/emergence in the past 
10 years. Mort alit y rates due to C. neof ormans w ere 41%–61%. Complications included acute renal impairment, raised intracranial pressure 
needing shunts, and blindness. There was moderate evidence of reduced susceptibility (MIC range 16–32 mg/l) of C. neoformans to fluconazole, 
itraconaz ole, k etoconaz ole, v oriconaz ole, and amphotericin B. Cryptococcus gattii infections comprised 11%–33% of all cases of in v asiv e cryp- 
tococcosis globally. The mort alit y rates were 10%–23% for central nerv ous sy stem (CNS) and pulmonary infections, and ∼43% for bloodstream 

infections. Complications described included neurological sequelae (17%–27% in C. gattii infections) and immune reconstitution inflammatory 
syndrome. MICs were generally low for amphotericin B (MICs: 0.25–0.5 mg/l), 5-flucytosine (MIC range: 0.5–2 mg/l), itraconazole, posaconazole, 
and v oriconaz ole (MIC range: 0.06–0.5 mg/l). There is a need f or increased surv eillance of disease phenotype and outcome, long-term disability, 
and drug susceptibility to inform robust estimates of disease burden. 

Ke y w or ds: Cryptococcus neoformans , Cryptococcus gattii , cryptococcosis, cryptococcal meningitis, invasive fungal infection. 
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Introduction 

Invasive fungal infections pose a significant threat to global 
health. Although their burden is ill-defined, crude estimates 
suggest they cause over 1.6 million deaths annually.1 The ab- 
sence of strong surveillance systems results in clinicians mak- 
ing decisions based on limited information about local epi- 
demiology, antimicrobial resistance, and effective treatment 
strategies. In response to this growing threat, the World Health 

Organization (WHO) developed a Fungal Priority Pathogens 
List (FPPL). This list, published in 2022, was created through 

a comprehensive international consultation process, using a 
Received: September 11, 2023. Revised: December 1, 2023. Accepted: April 27, 2
© The Author(s) 2024. Published by Oxford University Press on behalf of The In
Access article distributed under the terms of the Creative Commons Attribution-N
which permits non-commercial re-use, distribution, and reproduction in any med
please contact journals.permissions@oup.com 
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urvey incorporating a discrete choice experiment. The indi- 
idual fungal pathogens, including Cryptococcus neoformans 
nd C. gattii , were ranked based on the results of systematic
eviews, expert opinion, and data from the discrete choice ex- 
eriments. 
Cryptococcosis is a life-threatening invasive fungal infec- 

ion, that poses a significant global health challenge. Histori- 
ally, Cryptococcus was described as two species: C . neofor- 
ans (var. grubii and var. neoformans ) and C . gattii . More re-

ently, phylogenetic analyses have distinguished seven clades 
epresenting species (VNI-III and VGI-IV), and there are likely 
024 
ternational Society for Human and Animal Mycology. This is an Open 
onCommercial License ( https:// creativecommons.org/ licenses/ by-nc/ 4.0/ ), 

ium, provided the original work is properly cited. For commercial re-use, 
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ore, with varying virulence and regional distribution.2 , 3 For
xample, VGI is prevalent in Australia and Asia, VGII is par-
icularly associated with the emergence in North America,
GIII is increasing among immunocompromised individuals

n the United States, and VGIV is primarily found in Africa.3–5 

otably, the terminology of two cryptococcal ‘species com-
lexes’ remains common in clinical practice as it is the most
racticable for management purposes. 
Cryptococcosis is best documented in people living with
IV/AIDS. However, it is increasingly recognized in other im-
unocompromised hosts, and occurs in people with various
nderlying conditions and even unrecognized risk factors.6–8 

embers of the C . neoformans and C . gattii species com-
lexes are the predominant causative agents,9 with species-
pecific differences in epidemiology: for example, C. neo-
ormans species complex has traditionally been observed
n HIV/AIDS patients, whilst C. gattii species complex in-
ection has a propensity to occur in immunocompetent
atients.10 

Innate and adaptive responses work together to combat
ryptococcus spp., with CD4 + T-cells particularly impor-

ant for an effective adaptive response.11 , 12 Symptomatic in-
ection often indicates a compromised immune system, par-
icularly in individuals with reduced CD4 + T-cell counts,
uch as people living with HIV.13–15 Latency and dormancy
re also important aspects of cryptococcal pathogenesis. The
ungus can remain dormant in the host due to both im-
une pressure and fungal factors,16–19 and in certain host

nvironments, including granulomas, it can avoid immune
etection.19 Reactivation of dormant cryptococci becomes 
 concern when the host’s immune system becomes com-
romised, potentially leading to invasive disease.20 Improv-
ng our understanding of these and other factors is cru-
ial for improving diagnostic, therapeutic, and preventive
trategies.21 

Cryptococcus neoformans and C. gattii species complexes
re acquired via the respiratory tract, where they can cause
ocal infection, although it is their tropism for the central ner-
ous system (CNS) that is associated with the most serious
anifestations of infection. Cryptococcal meningitis (CM) re-
ains the most common cause of fungal meningitis world-
ide with over 220 000 new cases and 180 000 deaths per an-
um.22 Consequently, CM is an infection of global relevance,
ith most deaths seen in sub-Saharan Africa and in South and

outheast Asia.23–25 

Treatment options for invasive cryptococcosis are limited,
nd development of novel anti-cryptococcal agents has been
low in recent decades.26 Cryptococci are intrinsically resis-
ant to echinocandins.27 Optimal induction treatment relies
n amphotericin B and 5-flucytoscine despite their substan-
ial toxicity and limited access associated with economic and
ogistical constraints. Prolonged treatment with azoles is re-
uired following induction therapy.28 

In low- and middle-income countries (LMICs) where dis-
ase burden is highest, poor access to optimal therapeu-
ics (i.e., 5-flucytosine and amphotericin B lipid formu-
ations) increases the clinical challenges and contributes
o the observed persistent poor clinical outcomes of
ryptococcosis.29 

This systematic review evaluates C. neoformans and C. gat-
ii species complexe infections against a set of criteria, namely:
ortality , hospitalization and disability , antifungal drug re-

istance, preventability, yearly incidence, global distribution,
A49847112A49847112
nd emergence, based on data published between 2011 and
021. The purpose is to determine knowledge gaps for both
. neoformans and C. gattii species complexes in the above
reas to highlight research needs and to inform the WHO
PPL. 

aterials and methods 

earch strategies 

e conducted a comprehensive search for studies published
n English using the PubMed and Web of Science databases.
hese databases were chosen due to their extensive coverage
f medical and scientific literature. The study was conducted
ccording to PRISMA guidelines.30 All searches were limited
o the last 10 years (from 1st January 2011 to 19th February
021). 
On PubMed, we used medical subject headings (MeSH)

nd/or keyword terms in the title/abstract for each pathogen
nd criterion. 

For C. neoformans , the final search used ( C . neofor-
ans [T itle] OR C . neoformans [T itle]) combined; for C. gat-

ii , the final search used ( C . gattii [MeSH Terms]) com-
ined, using AND term, with criteria terms including (mortal-
ty[MeSH Terms]) OR (morbidity[MeSH Terms]) OR (hos-
italization[MeSH Terms]) OR (disability[All Fields]) OR
drug resistance, fungal[MeSH Terms]) OR (prevention and
ontrol[MeSH Subheading]) OR (disease transmission, in-
ectious[MeSH Terms]) OR (diagnostic[Title/Abstract]) OR
antifungal agents[MeSH Terms]) OR (epidemiology[MeSH
erms]) OR (surveillance [Title/Abstract]). 
On Web of Science, MeSH terms are not available and

herefore topic search (TS), title (TI), or abstract (AB) search
ere used. The final search used [TI = (‘cryptococcus neo-

ormans/cryptococcus gattii’) OR TI = (‘C. neoformans’) OR
B = (‘cryptococcus gattii’)], combined using AND term with
riteria terms each as topic search, including (mortality) OR
case fatality) OR (morbidity) OR (hospitalization) OR (dis-
bility) OR (drug resistance) OR (prevention and control) OR
disease transmission) OR (diagnostic) OR (antifungal agents)
R (epidemiology) OR (surveillance). Symbol ∗ allows a trun-

ation search for variations of the term (e.g., hospitalization
r hospitalization). 

tudy selection 

e imported search results from each database into the on-
ine systematic review software, Covidence ® (Veritas Health
nnovation, Australia), and removed duplicates. The inclusion
riteria were retrospective/prospective observational stud-
es, randomized controlled trials, guidelines, epidemiology,
urveillance reports, published within the last 10 years (2011–
021), reporting adults and paediatric data, including data
n the fungal pathogen, and data on at least one criterion.
xclusion criteria were studies reporting on non-human data
e.g., animals, plants) or non-fungal data (e.g., bacteria), no
ata on relevant pathogens or criteria, case reports, confer-
nces, abstracts, reviews, papers on drugs without marketing
uthorization, in vitro papers on resistance mechanisms, and
apers published in non-English language. Identified articles
nderwent title and abstract screening based on the inclu-
ion criteria. No reason was provided for exclusion during
itle and abstract screening. Two independent reviewers (AD
nd HYK) performed full text screening for the final eligible
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Figure 1. Flow diagram for selection of studies included in the systematic review for C . neoformans . 
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Records Identified through Records Identified through 
PubMed Web of Science 
(N::287) (N::388) 

I I 

---------------- ---► Duplicates removed 
(N::170) 

• 
Records for title and 
abstract screening 

(N::505) 

----------------

Full-text articles for 
eligibility assessment 

(N::65) 

----------------

Studies Included In the 
final analysis 

(N::45) 

____ ► Irrelevant records excluded 
(N::440) 

---- ► 

Full-text articles excluded 
(N=20): 

Distribution/emergence data 
before 2011 (N• 12) 

No data on criteria (N• 4) 

Study type Irrelevant (N•2) 

Not In English (N•2) 
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articles on Covidence ®. A third reviewer resolved any discrep- 
ancies (JWA). Excluded articles were recorded with reasons 
when excluded during full text screening. If there were any 
additional articles identified from references of the included 

articles, these were added. The resulting articles were subject 
to the final analysis. 

Data collection and synthesis 

Data from the final included studies were extracted for rele- 
vant criteria (AD and HYK). The extracted data were checked 

by the second reviewer (JWA) (initially 10% check, then 

expanded to 20% and more if needed, depending on the 
type of extent of observed errors). The extracted data on 

the outcome criteria were qualitatively AND/OR quantita- 
tively synthesized, depending on the amount and nature of the 
data. 

Risk of bias assessment 

We assessed risk of bias using the risk of bias tool for random- 
ized trials version 2 (ROB 2) tool for randomized controlled 

trials.31 The risk of bias in non-randomized studies (RoBANS) 
tool was used to assess the non-randomized studies.32 For the 
overall risk, using ROB 2 tool, the studies were rated ‘low’,
‘high’, or ‘some’ concerns. Using the RoBANS tool, the stud- 
ies were rated as ‘low’, ‘high’, or ‘unclear’ risk. 

For the purposes of this review, we considered each crite- 
rion as an outcome of the study and assessed if any bias was 
expected based on the study design, data collection, and anal- 
ysis methods for that outcome. Studies that were classified as 
having an unclear or high overall risk were still eligible for 
inclusion with cautious interpretation. 
A49847112A49847112
esults 

tudy selection 

or C. neoformans , PubMed and Web of Science Core Col-
ection databases searched between 1 January 2011 and 

9 February 2021 yielded 287 and 388 articles, respec- 
ively (Fig. 1 ). For C. gattii , the search yielded 219 and
77 articles, respectively (Fig. 2 ). A total of 45 ( C. neofor-
ans ) and 14 ( C. gattii ) articles were included in the final

nalysis. 

isk of bias 

or C. neoformans , the overall risk of bias for each study
s presented in the Table 1 A. Of the included studies,
2 studies were classified as low risk of bias in all do-
ains assessed. Twenty-three studies were classified as un- 

lear risk of bias, mostly due to the potential selection 

iases caused by unclear eligibility criteria or population 

roups, or unclear confirmation/consideration of confounding 
ariables. 

For C. gattii , the overall risk of bias for each study is pre-
ented in the Table 1 B. Of the 14 studies, 5 studies were clas-
ified as low risk of bias in all domains assessed. Nine studies
ere classified as unclear risk of bias, mostly due to the selec-

ion biases caused by unclear eligibility criteria or population 

roups, or unclear confirmation/consideration of confounding 
ariables. 

ortality rates 

or C. neoformans , 13 studies reported on mortality 
Table 2 ). The mortality rates due to C. neoformans were re-
orted to be as high as 41%–61% for patients with HIV in-



4 Dao et al. 

Figure 2. Flow diagram for selection of studies included in the systematic review for C . gattii . 
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Records identified through Records identified through 
PubMed Web of Science 
(N=219) (N=277) 

I I 

---------------- ---► Duplicates removed 
(N=99) 

Records for title and 
abstract screening 

(N=397) 

----------------

Full-text articles for 
eligibility assessment 

(N=36) 

----------------

Studies Included In the 
final analysis 

(N=14) 

____ ► Irrelevant records excluded 
(N=361) 

----► 

Full-text articles excluded 
(N=22): 

Distribution/emergence data 
before 2011 (N• 13) 

No data on criteria (N=3) 

Study type Irrelevant (N• 4) 

N<SO (N• 2) 
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ection.37, 63, 64, 69, 73 Mortality rates specifically reported for
IV-negative patients were lower, ranging from 8% to 20%,

ut small patient numbers are noted ( N = 12–44).63 , 40 , 77 

For C. gattii , four studies reported on mortality (Table 2 ).
he mortality rate due to C. gattii -related bloodstream infec-

ion was 43% ( N = 7) in the study by Smith et al.85 Other
tudies reported mortality rates of 10%–23.4% for CNS in-
ections 78, 79, 84, 85 and 14.6%–21% for pulmonary infections,
cknowledging the relatively small cohorts.85 , 84 

ntifungal susceptibilities 

n total, 33 studies reported results of antifungal susceptibil-
ty testing on C. neoformans isolates (Table 3 ), and 6 studies
or C. gattii (Table 4 ); methodologies included CLSI standard,
UCAST standard, Etest, Vitek 2 YST AST, and Sensititre Yea-
tOne assays. Details of these studies are presented in the ap-
endix (Tables A1 and A2). 

ryptococcus neoformans susceptibility to antifungals 
efore 2020, when EUCAST has provided a CBP for ampho-
ericin B only, there were no interpretative clinical breakpoint
CBP) MICs for C. neoformans . It is also noteworthy that
o causal relationship has been established between MIC and
reatment failure.86 Consequently, interpretive criteria applied
o antifungal MIC results for C. neoformans in the reviewed
ublications were highly variable both within and between
ublications. Examples of interpretive criteria included uti-
izing C. albicans CBPs, or breakpoints suggested with user
anuals provided with testing kits, CLSI epidemiologic cut-
ff values (ECVs), and values selected from previous scientific
ublications. 
Reported susceptibility of C. neoformans to fluconazole

as variable, with two studies reporting no ‘resistance’ in

A49847112A49847112
heir tested isolates 33 , 42 and some others reporting higher ‘re-
istance’ rates of up to 30%.41 , 75 Fluconazole MIC 90 values
ere variable between studies; however, were as high as 16

o 32 mg/l based on CLSI 33 , 54, 75, 76 and EUCAST methods for
IC determination.45 Chen et al. observed significantly in-

reasing numbers of isolates with fluconazole MIC ≥ 8 mg/l
ver the study period 2001–2012 ( P < 0.001).41 

Limited numbers of studies reported susceptibility to isavu-
onazole. Geometric mean MIC values from these studies
anged from 0.011 to 0.065 mg/l 55, 56, 70, 72 and MIC 90 values
anged from 0.031 to 0.063 mg/l.56, 70, 72 Reduced suscepti-
ility to itraconazole (0.03–2 mg/l) was uncommon, ranging
rom 0% to 22% 

, 42 , 54 with ≤ 1% non-wild type (non-WT)
ates.45 , 48 , 51 ‘Resistance’ rates were lower for ketoconazole
0%–7%) 33 , 54 and voriconazole (0%).33 , 42 For posaconazole
nd voriconazole, non-WT rates of 1.3%–5.7% were re-
orted.45 , 48 , 51 

For amphotericin B, Andrade-Silva et al. reported a resis-
ance rate of 11% based on 95 isolates from HIV/AIDS pa-
ients in Brazil,33 in contrast to Tewari et al. reporting < 2%
esistance rate in their Indian population (80% without HIV
nfection).76 

Susceptibility to 5-flucytosine was only reported as non-WT
ates of 1%–2%,45 , 51 and MIC 90 values were highly variable
etween studies but were as high as 8–16 mg/l.45 , 70 , 72 , 51 , 38 

elb et al. observed a lower MIC90 of 1 mg/l for serotype A
genotype VNI) compared with MIC90 of 8 mg/l for serotype
 (genotype VNIV).74 

ryptococcus gattii susceptibility to antifungals 
or C. gattii , all studies reported MIC values without inter-
retive CBP MICs. 
Studies by Espinel-Ingroff et al. and Lockhart et al. were

onducted on large number of isolates ( ∼300) from multiple
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Table 1. The risk of bias for each study of C. neoformans . 

Author Publication year Risk of bias (low, high, and unclear) Reference 

A 

Andrade-Silva et al. 2013 Unclear 33 

Andrade-Silva et al. 2018 Unclear 34 

Ashton et al. 2019 Unclear 35 

Bariao et al. 2020 Low 

36 

Beale et al. 2015 Low 

37 

Bertout et al. 2012 Unclear 38 

Cao et al. 2019 Low 

39 

Chan et al. 2014 Low 

40 

Chen et al. 2015 Low 

41 

Chen et al. 2018 Low 

42 

Chowdhary et al. 2011 Unclear 43 

Cogliati et al. 2018 Unclear 44 

Córdoba et al. 2016 Low 

45 

de Oliveira et al. 2017 Low 

46 

Desnos-Ollivier et al. 2015 Unclear 47 

Espinel-Ingroff et al. 2012 Unclear 48 

Espinel-Ingroff et al. 2012 Unclear 49 

Espinel-Ingroff et al. 2015 Unclear 50 

Fan et al. 2016 Low 

51 

Gonzalez et al. 2016 Low 

52 

Govender et al. 2011 Unclear 53 

Gutch et al. 2015 Unclear 54 

Hagen et al. 2016 Unclear 55 

Herkert et al. 2018 Unclear 56 

Hurtado et al. 2019 Low 

57 

Kassi et al. 2016 Low 

58 

Lahiri et al. 2020 Unclear 59 

Lin et al. 2015 Unclear 60 

Mahabeer et al. 2014 Low 

61 

Mahabeer et al. 2014 Low 

62 

Martins et al. 2011 Low 

63 

Mdodo et al. 2011 Unclear 64 

Miglia et al. 2011 Unclear 65 

Naicker et al. 2020 Unclear 66 

Nascimento et al. 2017 Low 

67 

Nishikawa et al. 2019 Low 

68 

Nyazika et al. 2016 Low 

69 

Pan et al. 2012 Unclear 70 

Pfaller et al. 2011 Unclear 71 

Prakash et al. 2020 Low 

72 

Rakotoarivelo et al. 2020 Unclear 73 

Selb et al. 2019 Low 

74 

Smith et al. 2015 Low 

75 

Tewari et al. 2012 Unclear 76 

Yoon et al. 2020 Low 

77 

B. The risk of bias for each study of C. gattii 
Chen et al. 2012 Low 

78 

Chen et al. 2013 Low 

79 

Espinel-Ingroff et al. 2012 Unclear 48 

Espinel-Ingroff et al. 2012 Unclear 49 

Espinel-Ingroff et al. 2015 Unclear 50 

Firacative et al. 2016 Unclear 80 

Harris et al. 2011 Low 

81 

Hurtado et al. 2019 Unclear 57 

Kassi et al. 2016 Unclear 58 

Lahiri et al. 2020 Unclear 59 

Lee et al. 2019 Unclear 82 

Lockhart et al. 2012 Unclear 83 

Phillips et al. 2015 Low 

84 

Smith et al. 2014 Low 

85 
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ountries.48 , 49, 50, 83 Reported MICs for fluconazole were gen-
rally high (range: 0.5–32 mg/l), although variable, with iso-
ates of molecular type VGII showing the highest modal or
eometric mean MIC of > 8 mg/l compared with other molec-
lar types (1.7–4.0 mg/l for VGI and VGIII).48 , 83 Modal MICs
f itraconazole, posaconazole, and voriconazole for C. gattii
anged from 0.06 to 0.5 mg/l for both molecular-typed and
on-typed isolates.48 

For amphotericin B, modal or geometric mean MICs ranged
rom 0.25 to 0.5 mg/l for both typed and non-typed iso-
ates.49 , 80 , 82 Susceptibility results for flucytosine were vari-
ble with modal or geometric mean MICs of 0.5–2 mg/l, and
ith higher values reported ( > 64 mg/l) for molecular types
 GI and V GII. 49 , 80 , 82 No susceptibility data were available

or echinocandins, but Cryptococcus species, like all basid-
omycetes are intrinsically resistant to this class. 

nnual incidence and global distribution 

nnual global incidence rates for C. neoformans and C. gat-
ii could not be assessed due to lack of denominator from all
ncluded studies. However, at a population level, there were
stimated 220 000 cases of CM globally in 2014 (about 3 in
00 000 population).22 Chen et al. reported the annual inci-
ence of C. gattii infections was 6 in 100 000 between 2000
nd 2007 in Australia,78 but higher (nearly 10-fold) annual
ncidence rate was reported in Aboriginal Australians.78 

Although its proportional contribution to total cases of
ryptococcal disease varies by geographic region, it was ev-
dent that C. neoformans was globally distributed.87 The
revalence of C. neoformans among isolates causing CM
as reported in three multi-centre studies from African coun-

ries 73 , 58 , 65 and one single-centre study from India (Table 5 ).59 

n Madagascar during 2014–2016, the proportion of crypto-
occal infection caused by C. neoformans var. grubii (serotype
) in HIV-infected patients was 13.2%.73 A multi-centre lab

urveillance study conducted in South Africa during 2005–
006 reported a high prevalence (82%) of C. neoformans
erotype A (VNI) and a lower prevalence (0%–10%) of
erotype A (VNB, VNII), serotype AD (VNIII), and serotype
 (VNIV) among paediatric patients with cryptococcosis.65 

imilarly, in Ivory Coast during 2012–2014, a study showed
6% of HIV-associated CM was caused by C. neoformans
NI genotype.58 In India, the majority of the CNS cryptococ-

osis patients were from Bangalore Urban, Karnataka, which
s in the southern part of India; 80% of the clinical strains were
. neoformans VNI and 8.75% were C. neoformans VNII.59 

There was limited data available to assess the global distri-
ution of C. gattii, four studies informed prevalence of C. gat-
ii in patients with cryptococcal infections in different study
ocations, including Australia, India, Brazil, and Africa (Ta-
le 5 ). Overall, C. gattii accounted for 11%–33% of cryp-
ococcal infections.82 , 59 , 57 In contrast, the earlier study con-
ucted in Ivory Coast reported only one case of C. gattii
nfection in 61 HIV-positive patients with cryptococcal in-
ections.58 Like C. neoformans , the distribution of C. gattii
olecular types seems to vary across regions, although it was
ifficult to assess as few regions were represented. In Australia,
enotype VGI caused the majority of the C. gattii cases,82 

hereas in India, VGIV was the most commonly observed
enotype.59 
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Inpatient care and the length of stay in hospital 

The median hospital length of stay in patients with C. neo- 
formans infection ranged from 18 to 39 days,40, 69, 73 , 39 with 

only Cao et al. 2019 reporting on HIV-negative patients (Ta- 
ble 6 ). Although Chan et al. reported a greater length of stay 
for HIV-negative patients with cryptococcosis (predominantly 
involving C. neoformans var. grubii VNI ) compared with HIV 

positive cryptococcosis patients (31 days vs. 18.5 days), this 
difference was based on only 12 HIV-negative patients and 

was not statistically significant.40 

Only one study reported on the hospital length of stay in 

patients with C. gattii infection (Table 6 ). This nationwide ret- 
rospective study conducted in Australian hospitals described 

average intensive care unit (ICU) stay related to C. gattii in- 
fection in 18 adult patients as 9.1 days with a wide range of 
1–29 days.78 It did not report overall hospital length of stay.
Notably, 90% of patients in this study received amphotericin 

B for the first 14 days, which typically requires inpatient ther- 
apy. 

Complications, sequelae, and disabilities 

Both C. neoformans and C. gattii infections can lead to severe 
complications, sequelae, and disabilities (Table 7 ). 

A 2017 review highlighted that neurosensorial impairment 
and disability are common sequelae 6 months to 1 year after 
diagnosis in C. neoformans infections. Symptoms mainly in- 
clude residual headache, motor deficit, and vertigo.88 Other 
common complications may include anaemia, hypokalaemia, 
elevated aminotransferase levels, neutropenia, hypercreatine- 
mia, and opportunistic infections.89 

A study ( n = 50) described complications from C. neo- 
formans infection and treatment in HIV-positive individuals 
(mostly infected with C. neoformans var. grubii VNI geno- 
type), including acute renal impairment, likely associated with 

antifungal therapies (28% of patients), raised intracranial 
pressure (ICP) needing shunts (18%), and blindness (12%).40 

Cao et al. reported a higher rate of unfavourable clinical out- 
come (defined as death, vegetative status, or severe to moder- 
ate disability) in CM patients with pulmonary nodules com- 
pared with those without the pulmonary nodule involvement 
(72.5% vs. 48%, P = 0.019).39 

Day et al. (2013) found that baseline fungal count and 

Glasgow Coma Scale (GCS) were independent predictors 
of 6-month survival for CM. Furthermore, the choice of 
therapy regimen affects the survival rate and complications.
For instance, it was found that neutropenia was more fre- 
quent among patients receiving amphotericin B with flu- 
conazole or flucytosine than patients receiving amphotericin 

B monotherapy. Also, fewer patients had severe anaemia 
and visual deficit when combined therapy of amphotericin 

B with fluconazole/flucytosine than amphotericin B therapy 
alone.89 

Neurological sequelae at 12 months of treatment were re- 
ported in 17%–27% of patients with C. gattii infections, and 

included signs and symptoms of visual impairment, hearing 
loss, limb weakness or balance disturbance, and cognitive im- 
pairment.78 , 84 

Immune reconstitution inflammatory syndrome (IRIS) was 
observed in 9.4% of patients with C. gattii infections from 

6 weeks to as long as 12 months after the initiation of azole 
eradication therapy, and these patients presented with new or 
enlarging brain lesions.78 
A49847112A49847112
reventability 

isk factors for C. neoformans infection were documented in 

wo studies. HIV/AIDS, cell-mediated immunity-suppressive 
egimens without calcineurin inhibitors, and decompensated 

iver cirrhosis were risk factors for CM (adjusted OR of 181.4,
5.9, and 8.5, respectively) and cryptococcemia (adjusted OR 

f 216.3, 7.3, and 23.8, respectively).60 Autoimmune diseases 
adjusted OR = 9.3) were an additional risk factor for cryp-
ococcemia.60 

HIV-infected patients and immunocompromised individu- 
ls are particularly vulnerable to cryptococcal infections and 

M. Although not specific to C. neoformans , a retrospec- 
ive review of routine cerebrospinal fluid laboratory records 
 N = 4702) between 2000 and 2014 in Botswana, South
frica, determined that antiretroviral therapy access alone 
id not lead to a significant decrease in the incident rate
f HIV-associated CM.90 Furthermore, several systematic re- 
iews have quantified the preventative effect of pre-emptive 
herapy on CM: Relative risk of 0.19 ( P < 0.0001) 91 ; inci-
ence reduced from 21% to 5% in patients with CD4 < 100,
elative risk 0.23 

92 ; and incidence reduced from 5% to 3% in
atients with CD4 < 200, relative risk 0.6.93 

A study by Harris et al. observed that patients with C. gattii
utbreak strain infections had more pre-existing conditions 
ompared with patients with non-outbreak strain infections 
86% vs. 31%; P < 0.0001).81 The pre-existing conditions 
ainly involved immunosuppression or previous use of oral 

orticosteroids (during the year before infection) in 50% of 
atients and existing lung, renal, heart disease, or diabetes in
0%–30% of patients. It was also observed that patients with
utbreak strain infections were older [median (range) of 56 

2–95) vs. 45 (18–56) years, P = 0.007]. 

iscussion 

ryptococcosis is particularly common in HIV/AIDS patients.
owever, antiretroviral therapy (ART) access alone has not 

lways decreased the incidence of HIV-associated CM signif- 
cantly.90 This observation may be associated with late pre- 
entation and cumulative default from care by HIV/AIDS pa- 
ients, suggesting that integrated interventions beyond simply 
roviding ART are required to prevent cryptococcosis and 

M. 
Cryptococcosis can lead to prolonged hospitalization. The 

ong length of stay in hospital may be partially attributed to
reatment recommendations involving 14 days induction ther- 
py with amphotericin B for most of the study period (al-
hough current WHO treatment recommendations for HIV- 
ssociated CM now favour shorter courses of amphotericin).
mphotericin B must be administered intravenously and, in 

ost settings, is delivered as in-patient therapy. Although CM 

learly causes significant morbidity and has a long-term im- 
act on patients, the effect is poorly quantified, and future CM
tudies should continue to expand the evidence on short- and
onger-term disability and quality of life. 

There is clear evidence that cryptococcosis is associated 

ith high mortality. Baddley et al. stated that the all-cause
ortality rates were 18.8% at 3 months and 25.5% at
2 months.94 The rates described in this review are higher than 

hose observed in clinical trials. For example, some studies 
ave reported mortality rates for CM of around 20%.95–99 

n trials, patients with significant co-morbidities or very 
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dvanced disease may be excluded, and interventions and in-
estigations follow a strict protocol. These factors may con-
ribute to the lower mortality.26 , 100 Furthermore, diagnoses
uch as toxoplasmosis, Pneumocystis jirovecii pneumonia,
r other opportunistic infections may be more thoroughly
creened for and managed in trial settings. This hypothesis is
upported by Tenforde et al. (2020), who found that in sub-
aharan Africa, short-term mortality rate was 44% in obser-
ational studies and only 21% in randomized control trials.101 

egardless, the mortality rate is unacceptably high, and global
esearch to improve outcomes is needed. 

A detailed summary of antifungal susceptibility data is pre-
ented in this review. We observed rising MICs to azoles
e.g., itraconazole, ketoconazole, and voriconazole), includ-
ng in vitro ‘resistance’ to fluconazole in up to 30%,41 with
n increasing number of isolates with MIC ≥8 μg/ml be-
ween 2001 and 2012. However, the data are limited, and
here is yet no clear association between MIC and clini-
al outcomes. Nonetheless, this observation calls for ongo-
ng surveillance globally and investigation into the cause.
ince Cryptococcus spp . are not transmitted from human
o human, an environmental selection pressure for azole re-
istance could hypothetically be at play, as described for
ther fungal pathogens such as Aspergillus .102 Two studies
eported that in patients with HIV/AIDS, 11% of the Cryp-
ococcus strains showed non-WT MICs to amphotericin B. A
uch lower percentage ( < 2%) of the Cryptococcus strains

howed non-WT MICs to amphotericin B in HIV-negative
atients. 
Cryptococcus gattii susceptibility data varied with molecu-

ar type and, in general, showed higher MICs to fluconazole
ompared with other azoles, including isavuconazole, itra-
onazole, posaconazole, and voriconazole. MICs for ampho-
ericin B (0.25–0.5 mg/l) and 5-flucytosine (0.5–2 mg/l) were
ow. Therefore, future studies should continue tracking anti-
ungal susceptibility and resistance for C. gattii , and their cor-
elation with clinical outcomes. 

There have been significant developments in prevention of
M over the past decade. Strong evidence has emerged for

he cost-effectiveness of screening for C. neoformans crypto-
occal antigenaemia with point-of-care antigen tests and treat-
ng positive cases, especially in low-resource settings or high-
revalence areas with high number of HIV cases.103 , 104 How-
ver, there are no data on high-income countries, for C. gattii ,
r for patient groups outside of HIV/AIDS. 
The systematic reviews of C. neoformans and C. gattii in-

ections were characterized by sparse, frequently inconsistent
ata. For instance, there were few studies determining the inci-
ence of infections in specific countries. However, it is known
hat C. neoformans is globally distributed, with some geo-
raphic variation between members of the species complex
s the causative agent. For example, in Madagascar, 13.2%
f HIV-infected patients had cryptococcal infection due to C.
eoformans var. grubii (serotype A). Studies in South Africa,
vory Coast, and India reported high prevalence of C. neofor-
ans serotype A (VNI) (80%–86%) in adult and paediatric
atients with cryptococcosis. C. gattii accounted for 11%–
3% of cryptococcal infections overall in countries such as
ustralia, India, Brazil, and Africa. 
Trends over the last 10 years for C. neoformans were diffi-

ult to assess due to incomplete data. However, the prevalence
f C. neoformans serotype A VNI reported in two African
ountries and India was comparable and was consistently
A49847112A49847112
igh (80%–86%) over the period of 2011–2020.58, 59, 65 Apart
rom that, there was also a lack of country-level or global
urveillance studies reporting the emergence of C. gattii in-
ections in the last 10 years. The studies reporting the preva-
ence of C. gattii did not provide adequate data to assess
lobal trends. Although studies conducted in African coun-
ries (Ivory Coast and Mozambique, respectively) showed a
reater prevalence of 33% in 2019 compared with 1.6%
n 2016,58 , 57 these data are confounded by environmental
nd study population-related variables. Thus, it is not pos-
ible to make a conclusive statement about the trend in
his region. 

Our review has several limitations. In particular, we were
nable to include non-English-language studies. We only in-
luded data from peer-reviewed and indexed publications and
ay therefore have missed valuable data. 

 uture perspectiv es 

uture research on C. neoformans and C. gattii should fo-
us on several key areas: (1) obtaining more robust clinical
nd microbiological data to support diagnosis and treatment;
2) developing new diagnostic tools and treatments; (3) un-
erstanding the genetic and molecular mechanisms of these
athogens; (4) understanding host-pathogen interactions and
ost’s immunological response to the infection; (5) under-
tanding the epidemiology of these pathogens in different re-
ions and populations to identify high-risk groups and de-
elop targeted prevention and control strategies. 

Stronger surveillance systems and epidemiology studies
ould better inform the disease burden and the global dis-

ribution of C. neoformans and C. gattii . These may allow
ore rigorous identification of at-risk populations, dispersion
atterns, and preventative measures. Better understanding of
linical manifestations and susceptibility profiles for different
olecular types is needed and could potentially inform indi-

idualized treatment options. Conducting trials in cryptococ-
osis is complex because disease is rare, and it is difficult to
ecruit sufficient patients into clinical trials to detect impacts
n clinical outcome, especially in non-HIV populations. Sev-
ral groups have investigated surrogate markers of treatment
ffect (such as early fungicidal activity) 105 , 106 to allow smaller
rials. Additional work in this area is needed. 

onclusion 

ryptococcus neoformans and C . gattii are important fungal
athogens. Both are globally distributed with significant inci-
ence and mortality rates. Although rising MICs to antifun-
als have been reported, these are yet to show a clear impact
n clinical outcomes. Careful ongoing systematic observations
re warranted alongside detailed work to better define burden
f infection in terms of both death and disability. 
The knowledge gaps identified through this systematic re-

iew open avenues for future research studies to elucidate
he genetic and molecular mechanisms underlying C . neofor-
ans and C . gattii infections. Understanding host-pathogen

nteractions, the role of host immune responses, and the im-
act of specific molecular characteristics on disease outcomes
an guide the development of targeted therapies and interven-
ions. Furthermore, the observed disparities in global distribu-
ion and prevalence among different regions and populations
mphasize the importance of region-specific surveillance and
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tailored public health strategies. By addressing these research 

gaps, the disease burden of cryptococcosis can be reduced, and 

the health outcomes of affected individuals across the globe 
can be improved. 
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