
Published by Baishideng Publishing Group Inc

World Journal of 
Clinical Infectious Diseases
World J Clin Infect Dis  2016 August 25; 6(3): 28-60

ISSN 2220-3176 (online)



World Journal of
Clinical Infectious DiseasesW J C I D

EDITORS-IN-CHIEF
Shyam Sundar, Varanasi
Lihua Xiao, Atlanta

GUEST EDITORIAL BOARD 
MEMBERS
Huan-Tsung Chang, Taipei
Jia-Ming Chang, Taipei
Kuo-Chin Huang, Chiayi
Wei-Chen Lee, Taoyuan
Hsiu-Jung Lo, Miaoli
Jin-Town Wang, Taipei
Deng-Chyang Wu, Kaohsiung
Jiunn-Jong Wu, Tainan

MEMBERS OF THE EDITORIAL 
BOARD

Argentina
Sergio O Angel, Chascomus
Luis A Diaz, Córdoba
Gustavo D Lopardo, Vicente Lopez
Emilio L Malchiodi, Buenos Aires
Victor D Rosenthal, Buenos Aires

Australia
David L Gordon, South Australia
Asad Khan, Queensland
Ruiting Lan, Randwick
John McBride, Cairns

David L Paterson, Herston
Nitin K Saksena, Sydney
Andrew T Slack, Brisbane
Thea van de Mortel, Lismore

Austria
Bernhard Resch, Graz

Belgium
Mickael Aoun, Bruxelles
Paul M Tulkens, Leuven

Bosnia and Herzegovina
Selma Uzunovic, Zenica

Brazil
Gerly AC Brito, Fortaleza
Jane Costa, Rio de Janeiro
Pedro A d'Azevedo, Sao Paulo
Ricardo Luiz D Machado, Sao Paulo
Leandro RR Perez, Porto Alegre
Maria de Nazaré C Soeiro, Rio de Janeiro

Brunei Darussalam
Vui H Chong, Bandar Seri Begawan

Bulgaria
Iva Christova, Sofia

Cameroon
Richard Njouom, Yaounde

Canada
Aranka Anema, Vancouver
Horacio Bach, Vancouver
Peter C Coyte, Ontario
Pavel Gershkovich, Vancouver
Marina Ulanova, Thunder Bay
Jude E Uzonna, Winnipeg
Jun Wang, Halifax

China
Xi-Tai Huang, Tianjin
Dong-Ming Li, Beijing
Xin-Yong Liu, Jinan
Wu-Bin Pan, Taicang
Kai Wang, Jinan
Patrick CY Woo, Hong Kong
Yong-Feng Yang, Nanjing
Chi-Yu Zhang, Zhenjiang
Li-Juan Zhang, Beijing

Colombia
Jorge E Gomez-Marin, Armenia

I

Editorial Board
2016-2019

The World Journal of Clinical Infectious Diseases Editorial Board consists of 284 members, representing a team of 
worldwide experts in infectious diseases. They are from 55 countries, including Argentina (5), Australia (8), 
Austria (1), Belgium (2), Bosnia and Herzegovina (1), Brazil (6), Brunei Darussalam (1), Bulgaria (1), Cameroon 
(1), Canada (7), China (17), Colombia (1), Costa Rica (1), Cuba (1), Denmark (2), Egypt (2), Ethiopia (1), Finland 
(1), France (11), Germany (3), Greece (8), Hungary (5), India (14), Iran (6), Israel (10), Italy (20), Japan (3), Jordan 
(1), Kosovo (1), Kuwait (1), Lebanon (3), Lithuania (1), Malawi (1), Mexico (5), Morocco (2), Netherlands (3), 
Nigeria (1), Pakistan (1), Peru (1), Portugal (5), Russia (1), Saudi Arabia (2), Singapore (3), South Africa (2), South 
Korea (5), Spain (24), Switzerland (2), Tanzania (1), Thailand (4), Tunisia (1), Turkey (5), United Arab Emirates 
(1), United Kingdom (10), United States (57), and Venezuela (1).

February 29, 2016WJCID|www.wjgnet.com



Costa Rica
Adriano Gerardo Arguedas Mohs, San José

Cuba
Maria G Guzman, Havana

Denmark
Janne K Klitgaard, Odense
Henrik Torkil Westh, Hvidovre

Egypt
Tarek M Diab, Giza
Olfat G Shaker, Cairo

Ethiopia
Solomon A Yimer, Oslo

Finland
Jari TJ Nuutila, Turku

France
Hassane Adakal, Bobo-Dioulasso
Pascal Bigey, Paris
Philippe Brouqui, Marseille
Christophe Chevillard, Marseille
Raphaele Girard, Pierre Bénite
Vincent Jarlier, Paris
Sandrine Marquet, Marseille
Thierry Naas, Bicetre
Saad Nseir, Lille
Philippe Seguin, Rennes
Muriel Vayssier-Taussat, Maisons-Alfort

Germany
Stefan Borgmann, Ingolstadt
Georg Harter, Ulm
Matthias Imohl, Aachen

Greece
Apostolos Beloukas, Athens
Alex P Betrosian, Athens
George L Daikos, Athens
Helena C Maltezou, Athens
Argyris S Michalopoulos, Athens
Maria A Moschovi, Goudi
George Petrikkos, Athens
Athanassios Tragiannidis, Thessaloniki

Hungary
László Galgoczy, Szeged
Ferenc Orosz, Budapest
Ferenc Rozgonyi, Budapest
Jozsef Soki, Szeged
Dezso P Virok, Szeged

India
Ritesh Agarwal, Chandigarh
Syed I Alam, Gwalior
Atmaram H Bandivdekar, Mumbai
Runu Chakravarty, Kolkata
Dipshikha Chakravortty, Bangalore
Mamta Chawla-Sarkar, Kolkata
Sanjay Chhibber, Chandigarh
Belgode N Harish, Pondicherry
Triveni Krishnan, Kolkata
Rashmi Kumar, Lucknow
Mohammad Owais, Aligarh
Banwarilal Sarkar, Kolkata
Akashdeep Singh, Ludhiana

Iran
Parissa Farnia, Tehran
Seyed M Jazayeri, Tehran
Morteza Pourahmad, Jahrom
Mohammad R Pourshafie, Tehran
Mohammad H Salari, Tehran
Hasan Shojaei, Isfahan

Israel
Jacob Amir, Petach Tikvah
Shai Ashkenazi, Petach Tikva
Gadi Borkow, Gibton
Raul Colodner, Afula
Jacob M Gilad, Tel-Aviv
Noah Isakov, Beer Sheva
Michal Mandelboim, Tel-Hashomer
Shifra Shvarts, Omer
Oshri Wasserzug, Tel-Aviv
Pablo V Yagupsky, Beer-Sheva

Italy
Giuseppe Barbaro, Rome
Paolo Bonilauri, Reggio Emilia
Guido Calleri, Torino
Mario Cruciani, Verona
Antonella d'Arminio Monforte, Milan
Silvano Esposito, Salerno
Marco Falcone, Rome
Antonio Fasanella, Foggia
Daniele Focosi, Pisa
Delia Goletti, Roma
Guido Grandi, Siena
Fabio Grizzi, Rozzano

Giuseppe Ippolito, Rome
Roberto Manfredi, Bologna
Claudio M Mastroianni, Rome
Ivano Mezzaroma, Rome
Giuseppe Micali, Catania
Annamaria Passantino, Messina
Mariagrazia Perilli, L'Aquila
Patrizia Pontisso, Padova

Japan
Emoto Masashi, Gunma
Toshi Nagata, Hamamatsu
Ryohei Yamasaki, Tottori

Jordan
Asem A Shehabi, Amman

Kosovo
Lul Raka, Prishtina

Kuwait
Willias Masocha, Safat

Lebanon
Ziad Daoud, Tripoli
Ghassan M Matar, Beirut
Sami Ramia, Beirut

Lithuania
Gazim Bizanov, Vilnius

Malawi
Adamson S Muula, Zomba

Mexico
Agnes Fleury, Mexico City
Guadalupe García-Elorriaga, Mexico City
Alejandro Macias, Mexico City
Mussaret Zaidi, Merida
Roberto Zenteno-Cuevas, Veracruz

Morocco
Redouane Abouqal, Rabat
Sayeh Ezzikouri, Casablanca

Netherlands
John Hays, Rotterdam

II February 29, 2016WJCID|www.wjgnet.com



III February 29, 2016WJCID|www.wjgnet.com

Nisar A Khan, Rotterdam
Rogier Louwen, Rotterdam

Nigeria
Samuel S Taiwo, Osogbo

Pakistan
Muhammad Idrees, Lahore

Peru
Salim Mohanna, Lima

Portugal
Ricardo Araujo, Porto
Manuela Canica, Lisboa
Francisco Esteves, Lisboa
Fernando Rodrigues, Braga
Nuno Taveira, Lisbon

Russia
Alexander M Shestopalov, Novosibirsk

Saudi Arabia
Jaffar A Al-Tawfiq, Dhahran
Atef M Shibl, Riyadh

Singapore
Yee S Leo, Singapore
Laurent CS Renia, Singapore
Richard J Sugrue, Singapore

South Africa
Carolina H Pohl, Bloemfontein
Natasha Potgieter, Louis Trichardt

South Korea
Yong-Hyun Cho, Seoul
Sang-Ho Choi, Seoul
Ju-Young Chung, Seoul
Jung Mogg Kim, Seoul
Kyongmin Kim, Suwon

Spain
Alberto Arnedo-Pena, Castellon
Alfredo Berzal-Herranz, Granada
Vicente Boix, Alicante
Enrique Calderon, Seville
Rafael Canton, Madrid

Jose M Cuevas, Valencia
Laila Darwich, Barcelona
Pere Domingo, Barcelona
Tahia D Fernandez, Malaga
Lucia Gallego, Leioa
Adela González de la Campa, Madrid
Luis I Gonzalez-Granado, Madrid
Bruno Gonzalez-Zorn, Madrid
Eduardo Lopez-Collazo, Madrid
Miguel Marcos, Salamanca
Antonio T Martí, Barcelona
Andrés Moya, València
Rafael Najera, Madrid
Maria-Mercedes Nogueras-Mas, Sabadell
Jose A Oteo, La Rioja
Pilar Perez-Romero, Sevilla
Ruth G Prieto, Alcorcon
Eduardo Reyes, Alcala de Henares
Francisco Soriano, Madrid

Switzerland
Stephen Hawser, Epalinges
Andrew Hemphill, Bern

Tanzania
John PA Lusingu, Tanga

Thailand
Kosum Chansiri, Bangkok
Subsai Kongsaengdao, Bangkok
Niwat Maneekarn, Chiang Mai
Viroj Wiwanitkit, Bangkok

Tunisia
Aouni Mahjoub, Monastir

Turkey
Oguz Karabay, Sakarya
Uner Kayabas, Malatya
Gokhan Metan, Kayseri
Oral Oncul, Uskudar
Mesut Yilmaz, Istanbul

United Arab Emirates
Muhammad Mukhtar, Ras Al Khaimah

United Kingdom
Zainab Al-Doori, Glasgow
David Carmena, London
Ronald A Dixon, Lincoln
Vanya A Gant, London
Robin Goodwin, Coventry
Andrew C Hayward, London
Laura A Hughes, Cheshire

Michele E Murdoch, Herts
Harunor Rashid, London
Craig W Roberts, Glasgow

United States
Majdi N Al-Hasan, Lexington
Ibne KM Ali, Charlottesville
Hossam M Ashour, Detroit
Joseph U Becker, Palo Alto
M Eric Benbow, Dayton
Eliahu Bishburg, Newark
Luz P Blanco, Ann Arbor
Robert Bucki, Philadelphia
Steven D Burdette, Dayton
Archana Chatterjee, Omaha
Pai-Lien Chen, Durham
Pawel S Ciborowski, Omaha
Michael Cynamon, Syracuse
Siddhartha Das, El Paso
Ralph J DiClemente, Atlanta
Noton K Dutta, Baltimore
Garth D Ehrlich, Pittsburgh
Michael S Firstenberg, Akron
Walter A Hall, Syracuse
Yongqun He, Ann Arbor
Brenda L Helms, Plano
Joseph U Igietseme, Atlanta
Mohammad K Ijaz, Montvale
Suresh G Joshi, Philadelphia
Christian Joukhadar, Boston
Thomas F Kresina, Rockville
Alain B Labrique, Baltimore
Shenghan Lai, Baltimore
Benfang Lei, Bozeman
Jeff G Leid, Flagstaff
Vladimir Leontiev, St.Louis
James M McMahon, Rochester
Geraldine M McQuillan, Hyattsville
Lawrence F Muscarella, Ivyland
Daniel Musher, Houston
Stella Nowicki, Nashville
M Jacques Nsuami, New Orleans
Phillipe N Nyambi, New York
Raymund R Razonable, Rochester
Anand Reddi, Denver
William R Schwan, La Crosse
Richard A Slayden, Fort Collins
Theodore J Standiford, Ann Arbor
William M Switzer, Atlanta
Ashutosh Tamhane, Birmingham
Giorgio E Tarchini, Weston
Carmen Taype, New York
Barbara Van Der Pol, Bloomington
Jose A Vazquez, Detroit
Fernando Villalta, Nashville
Haider J Warraich, Boston
Xianfu Wu, Atlanta
X Frank Yang, Indianapolis
Genyan Yang, Atlanta
Hong Zhang, Rockville
Lyna Zhang, Atlanta

Venezuela
Alfonso J Rodriguez-Morales, Caracas



Contents

IWJCID|www.wjgnet.com

World Journal of
Clinical Infectious DiseasesW J C I D

 

Quarterly  Volume 6  Number 3  August 25, 2016

                REVIEW
28	 Challenges	in	management	of	recurrent	and	refractory	Clostridium	difficile 	infection

Meehan AM, Tariq R, Khanna S

37	 Clinical	research	in	febrile	neutropenia	in	cancer	patients:	Past	achievements	and	perspectives	for	the	

future

Klastersky J, Paesmans M, Aoun M, Georgala A, Loizidou A, Lalami Y, Dal Lago L

August 25, 2016|Volume 6|Issue 3|



Contents
World Journal of Clinical Infectious Diseases

Volume 6  Number 3  August 25, 2016

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                     Responsible Science Editor: Shui Qiu 
Responsible Electronic Editor: Dan Li          Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

Rd, Atlanta, GA 30333, United States

EDITORIAL	OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Clinical Infectious Diseases
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive, 
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

PUBLICATION	DATE
August 25, 2016

COPYRIGHT
© 2016 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL	STATEMENT	
All articles published in journals owned by the 
Baishideng Publishing Group (BPG) represent the 
views and opinions of  their authors, and not the 
views, opinions or policies of  the BPG, except where 
otherwise explicitly indicated.

INSTRUCTIONS	TO	AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204

ONLINE	SUBMISSION	
http://www.wjgnet.com/esps/

IIWJCID|www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

FLYLEAF

August 25, 2016|Volume 6|Issue 3|

NAME	OF	JOURNAL	
World Journal of  Clinical Infectious Diseases

ISSN
ISSN 2220-3176 (online)

LAUNCH	DATE
December 30, 2011

FREQUENCY
Quarterly

EDITORS-IN-CHIEF
Shyam Sundar, MD, FRCP (London), FAMS, FNA
Sc, FASc, FNA, Professor, Department of  Medicine, 
Institute of  Medical Sciences, Banaras Hindu University, 
Varanasi 221005, India

Lihua Xiao, DVM, PhD, Senior Scientist, Divi-
sion of  Foodborne, Waterborne, and Environmental 
Diseases, National Center for Emerging and Zoonotic 
Infectious Diseases, Centers for Disease Control and 
Prevention, Bldg 23, Rm 9-168, MS D66, 1600 Clifton 

Editorial	Board	Member	of	World	Journal	of	Clinical	Infectious	Diseases,	Suresh	
G	Joshi,	MD,	PhD,	Associate	Professor,	Director,	Department	of	Surgery	and	
Microbiology	Immunology,	Drexel	University,	College	of	Medicine,	Philadelphia,	PA	
19102,	United	States

World Journal of  Clinical Infectious Diseases (World J Clin Infect Dis, WJCID, online ISSN 
2220-3176, DOI: 10.5495) is a peer-reviewed open access (OA) academic journal that aims 
to guide clinical practice and improve diagnostic and therapeutic skills of  clinicians.

WJCID will focus on a broad spectrum of  topics on infectious diseases that will cover 
epidemiology, immune-pathogenesis, genetic factors, host susceptibility to infection, vector 
control, novel approaches of  treatment, molecular diagnostic and vaccines. It will provide 
a common stage to share the visions, new approaches, most advanced techniques, and to 
discuss research problems that will help everyone working in the field of  various infections 
to exchange their views and to improve public health. WJCID will also focus on broad 
range of  infections like opportunistic infections, zoonotic infections, tropical and neglect-
ed tropical diseases, emerging infections, etc. and following topics related to these issues: 
(1) Causative agents discussing various pathogens; (2) Vectors and Mode of  transmission; 
(3) Host-pathogen interaction and immune-pathogenesis of  the disease; (4) Epidemiology 
of  the infection and vector control strategies; (5) Genetic factors covering both host and 
pathogen; (6) Molecular diagnostic techniques vaccines; and (7) Recent advances in cell 
tissue culture, lab techniques, etc. Various other related fields like medical microbiology, 
pharmacology of  herbs, bioinformatics, etc. will be included.

We encourage authors to submit their manuscripts to WJCID. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great basic and clinical significance.

World Journal of  Clinical Infectious Diseases is currently no indexing/abstracting.

I-III	 Editorial	Board

INDEXING/ABSTRACTING 



Anne M Meehan, Raseen Tariq, Sahil Khanna

REVIEW

28 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

Challenges in management of recurrent and refractory 
Clostridium difficile  infection

Anne M Meehan, Division of Hospital Internal Medicine, Mayo 
Clinic, Rochester, MN 55905, United States

Raseen Tariq, Sahil Khanna, Division of Gastroenterology and 
Hepatology, Mayo Clinic, Rochester, MN 55905, United States

Author contributions: Meehan AM, Tariq R and Khanna S 
planned and researched the topic; Meehan AM and Tariq R wrote 
the paper; Meehan AM and Khanna S revised the paper.

Conflict-of-interest statement: Sahil Khanna serves as a 
consultant to Rebiotix Inc and Summit Pharmaceuticals.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Sahil Khanna, MBBS, MS, Division of 
Gastroenterology and Hepatology, Mayo Clinic, 200 First Street 
SW, Rochester, MN 55905, United States. khanna.sahil@mayo.edu
Telephone: +1-507-2664347
Fax: +1-507-2840538

Received: March 24, 2016 
Peer-review started: March 24, 2016 
First decision: April 15, 2016
Revised: May 5, 2016
Accepted:  May 31, 2016
Article in press: June 2, 2016
Published online: August 25, 2016

Abstract
Clostridium difficile  infection (CDI) is the most common 
nosocomial infection in the United States and is asso-

ciated with a high mortality. One quarter of patients 
treated for CDI have at least one recurrence. Spore 
persistence, impaired host immune response and altera-
tion in the gastrointestinal microbiome due to antibiotic 
use are factors in recurrent disease. We review the 
etiology of recurrent CDI and best approaches to mana-
gement including fecal microbiota transplantation. 

Key words: Clostridium difficile  infection; Epidemiology; 
Outcomes; Treatment; Fecal microbiota transplantation

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Recurrent Clostridium difficile  infection (RCDI) 
is common and can be difficult to treat. Clostridia 
spores transmit disease. They are ubiquitous and hard 
to eradicate. The composition of the gut microbiome 
plays an essential yet poorly understood role in main-
taining overall health, and in protecting against Clostri-
dium difficile  (C. difficile ) infection. Antibiotic induced 
dysbiosis of the microbiome is a key contributor to 
RCDI. Here we review how C. difficile  spores and altera-
tions in the microbiome contribute to RCDI. 

Meehan AM, Tariq R, Khanna S. Challenges in management of 
recurrent and refractory Clostridium difficile infection. World J 
Clin Infect Dis 2016; 6(3): 28-36  Available from: URL: http://
www.wjgnet.com/2220-3176/full/v6/i3/28.htm  DOI: http://dx.doi.
org/10.5495/wjcid.v6.i3.28

INTRODUCTION
Clostridium difficile (C. difficile) is a gram positive, 
anaerobic, spore forming bacteria first associated with 
antibiotic-associated and pseudomembranous colitis in 
1978[1,2]. Originally isolated from meconium and feces of 
newborn infants in 1935, it was dubbed “Bacillus difficilis” 
due to its poor culture growth characteristics[3]. Although 

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5495/wjcid.v6.i3.28

World J Clin Infect Dis 2016 August 25; 6(3): 28-36
ISSN 2220-3176 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.

World Journal of
Clinical Infectious DiseasesW J C I D



29 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

Meehan AM et al . Challenges in management of recurrent and refractory CDI

C. difficile culture is achievable now using Cycloserine 
Cefoxitin Fructose Agar media[4], the moniker remains 
apt, albeit for different reasons. A diagnosis of Clostridium 
difficile infection (CDI) adds considerably to healthcare 
cost, length of stay, complications and mortality[5,6]. 

CDI diagnosis is based on symptoms and toxin detec-
tion, and initial treatment involves oral metronidazole 
for mild-moderate cases or oral vancomycin if severe[7]. 
Both metronidazole and vancomycin lead to intestinal 
dysbiosis and impair “resistance to colonization” actually 
facilitating recurrence[8]. 

Recurrent CDI (RCDI) is defined as recurrence of 
clinical symptoms with a positive C. difficile stool test 
within 8 wk of symptom resolution[9]. Twenty to twenty 
five percent of CDI patients will have at least one 
recurrence[10] and subsequent risk can be as high as 
40%-65%[11]. Reinfection vs relapse are indistinguishable 
clinically, however based on serotyping and PCR ribo-
typing up to 50% of patients recur with a strain that is 
different to the original one[12]. RCDI relates to spore 
production and persistence, the host immune response 
(or lack of it) to toxins, and alterations in the gut micro-
biome.

C. DIFFICILE SPORES: RESISTANCE AND 
PERSISTENCE
C. difficile spores are the agents of disease transmis-
sion[13]. They are ubiquitous and may survive on conta-
minated surfaces for months, possibly years[14-16]. C. 
difficile pathophysiology relates to spore exposure and 
ingestion, spore vegetation and toxin production in the 
setting of an altered host gut microbiome[17]. A healthy 
gut flora is protective against colonization and infection 
from C. difficile[18]. Asymptomatic colonization with toxin 
negative and positive strains has been described[8,19].

Anaerobic bacteria form spores when conditions are 
not conducive to growth (i.e., starvation), specifically 
when deprived of carbon or nitrogen[16]. Clostridial spores 
are metabolically inactive (dormant) and impervious to 
most environmental assaults (except bleach)[7]. Anae-
robic spore DNA is protected from damage by several 
mechanisms that have been established in related clo-
stridial and bacteroides species and extrapolated to 
C. difficile. These include the fact that the spore core is 
anhydrous (water content 25%) and acidic (pH 6.5), 
which inhibits enzymatic activity and immobilizes most 
proteins[16]. There are high levels of ionic calcium-dipicolinic 
acid in the spore core, which forms a 1:1 complex with 
DNA. Deletion experiments suggest that saturation of DNA 
with α/β small acid soluble spore proteins (SASPs) is the 
dominant protective mechanism[20]. Mutants spores that 
lack α/β SASPs and calcium-dipicolinic acid lose viability 
rapidly during sporulation due to DNA damage[16]. 

Spores are the main vehicle of disease transmission, 
persistence and recurrence in CDI[14]. The environmental 
spore load necessary to infect 50% of mice after 1 h in 
one series of experiments was 5-10 spores/cm2[21,22]. 
Spores shed through stool contaminate skin, bed clothes 

and even air, reaching 53-426 colony forming units/m3 of 
air[15]. Mutants unable to produce Spo0A (a transcription 
regulatory protein essential for sporulation) do not persist 
or transmit disease in mice[23]. Thus elimination of spores 
can interrupt disease transmission. Presently this is most 
often pursued in the health care setting in the context 
of a known case (we don’t as yet target spores in the 
community)[7]. Sodium hypochlorite (i.e., bleach) is the 
most commonly used agent, with far UV light and vapor 
hydrogen peroxide also effective[14].

There are several additional issues of note. In murine 
gut C. difficile sporulates at a rapid rate - 56% relative 
to vegetative cells at 14 h post infection[24]. The murine 
colonic environment supports sporulation by phosphoryla-
tion of the master regulator Spo0A[14,23,25]. Presumably 
similar unknown triggers are present in the human gut. 

Recent whole genome sequencing of CDI isolates in 
> 1200 patients with disease showed only 35% of cases 
were related to known cases, which suggests alternate 
routes of exposure (animals/food), outside of health 
care settings[26] (Presumably patients got the disease 
from spores in the community). The prevalence of asym-
ptomatic carriage in hospital admission ranges from 
7%-18%[27]. 

This has great clinical implications. Widespread com-
munity colonization with toxigenic C. difficile suggests 
that attempts to restrict spore spread only in the con-
text of known exposure in healthcare settings may 
be insufficient. For meaningful interruption, universal 
modified contact precautions for all admissions may be 
necessary. Measures to prevent spore formation may alter 
the transmission cycle. Further study of the mechanism 
of spore formation may identify new targets. Thus far 
only fidaxomicin has been shown to decrease spore forma
tion most likely by inhibiting transcription of sporulation 
genes[28]. Its high cost however precludes widespread 
use, as discussed below.

VEGETATIVE FORMS: TOXIN 
PRODUCTION AND CDI
Germination of spores to toxin producing vegetative 
forms can occur within minutes of exposure to specific 
triggers deemed germinants (i.e., taurocholate)[14,16]. 
Taurocholate (a primary bile acid) is both necessary and 
sufficient to trigger C. difficile germination. L-glycine acts 
as a cogerminant[29]. In contrast, certain secondary bile 
acids, i.e., deoxycholate can inhibit vegetative growth[30]. 
Secondary bile acids are derived by the action of endo-
genous flora on primary bile acids[31] and the relative ratio 
of each in the colon may determine spore/vegetative 
balance.

Toxins A (TcdA) and B (TcdB) and binary toxin (CDT) 
are the major virulence factors that contribute to patho-
genesis[32]. Toxins A and B are multi-domain proteins 
that share a high degree of homology and comprise an N 
terminal catalytic domain with glucosyltransferase activity, 
a middle translocation domain and a C-terminal host cell 
binding region[33]. The toxin receptor remains unknown. 
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Both A and B are proinflammatory and cytotoxic and it 
is not clear if both are needed for pathogenesis[34]. Both 
alter the actin cytoskeleton, disrupt the epithelial barrier 
and cause apoptosis by glucosylation and inactivation of 
GTPases-Rac, Rho and Cdc42[35]. This induces mucosal 
damage and inflammation. Toxin expression derives 
from a 19.6 kb pathogenicity chromosomal locus (PaLoc) 
that encodes TcdA and TcdB in addition to TcdR (RNA 
polymerase sigma factor that positively regulates toxin 
expression), TcdC (putative negative regulator-deletion 
in 027 ribotype may increase toxin production), and TcdE 
(related to bacteriophage holins)[32,35]. The role of the 
toxins in the bacterial life cycle is unclear. Different PaLoc 
variants are called toxinotypes: 34 are described[36]. 
PaLoc has features of both stable integration and a mobile 
genetic element[37]. The CDT-binary toxin expressed 
in 027 ribotype ADP ribosylates G actin in target cells 
leading to protrusion bodies of microtubules that contact 
C. difficile and possibly increase colonization efficiency[38].

Toxigenic C. difficile causes disease: However colo-
nization with toxigenic C. difficile can be asymptomatic[27]. 
After successful treatment many patients will continue to 
shed spores without manifesting disease. Colonization is 
a critical step in the pathogenic process and depends on 
adherence to gut epithelial cells by adhesion and flagellin 
proteins[39-41].

Colonization with non-toxin forming C. difficile may 
out-compete toxin forming C. difficile[27]. In one recent 
study, administration of nontoxigenic C. difficile spores 
(NCTDM3) to patients after treatment of either first CDI 
episode or first recurrence, showed a 3-fold reduction 
(from 30% to 11%) in recurrent disease compared to 
placebo[42]. Patients given 107 spores/day for 7 d had 
the lowest recurrence rate (5%)[42]. The study does raise 
some concerns, primarily the possible acquisition of toxin 
containing PaLoc sequences by toxin negative strains, an 
event that has been shown to occur in vitro[43]. 

In theory, non-antibiotic toxin binders could ame-
liorate disease without disrupting intestinal flora. Cho-
lestyramine, which binds toxin has been tried[44]. One 
difficulty is that it also binds vancomycin (as does coles
tipol and other anion exchange resins), complicating its 
use[45]. It can also bind bile salts and potentially stimulate 
C. difficile growth[46]. Given lack of efficacy data and 
possible harmful interactions use of cholestyramine or 
colestipol is not recommended. 

Tolevamer, a polymer of styrene-sulfate that binds C. 
difficile toxin in vitro, was inferior to both metronidazole 
and vancomycin in 2 phase Ⅲ trials[47]. Only 44% of 
patients who took tolevamer had resolution of diarrhea 
or abdominal pain compared to 73% for metronidazole 
and 81% for vancomycin[47]. 

IMMUNE RESPONSE TO TOXINS AND 
CDI 
Only half of hospitalized patients colonized with C. 
difficile develop CDI, and initial disease is associated 

with lack of anti-toxin A IgG[48]. The host immune re-
sponse also plays a part in recurrent disease- patients 
with antibodies to toxin are less likely to relapse than 
those with undetectable toxin antibody[49,50]. Passive 
immunization by administration of intravenous immu-
noglobulin may have a role in patients with hypogamma-
globulinemia[51,52], or in patients with severe disease[53].

Specific antitoxin antibodies prevent mortality inde
pendent of antibiotic treatment. In one study a 3-fold 
reduction in relapse (25% to 7%) was seen when anti-
toxin antibodies were used[54]. Data in animal models 
supports the efficacy of toxin-targeted vaccines[55]. 
Formalin inactivated toxin A/B (toxoid) protected ham-
sters from lethal C. difficile challenge[56]. Currently there 
are 2 vaccines in human trials. Sanofi Pasteur formalin 
inactivated toxins A/B vaccine was safe, well tolerated 
and immunogenic (generated antibodies to toxin)[57]. It 
is now in phase Ⅲ trial for primary prevention (https://
clinicaltrials.gov/ct2/show/NCT01887912). An alternate 
approach involves a recombinant fusion protein of toxins 
A/B. A phase 1 trial of escalating doses of this recom-
binant is completed and results are pending (https://
clinicaltrials.gov/ct2/show/NCT01296386). 

There is some evidence of efficacy of vaccines in secon
dary prevention of RCDI[58], but more data is needed.

STANDARD ANTIMICROBIAL 
TREATMENT OF RCDI
Antimicrobial stewardship remains a key element of any 
RCDI management strategy. The reader is directed to 
other reviews for further discussion[59-61]. This review will 
focus on RCDI specific treatment. 

Standard antimicrobial therapy targets the vegetative 
forms of C. difficile[7,52]. Spore vegetation and recurrent 
CDI are intricately linked. Favoring germination (by 
altering the germinant/sporulation ratio towards vegeta-
tion) would in theory allow eradication with antibiotics. 
Depending on antibiotic used however, this can also 
alter the microbiome and could increase the likelihood 
of relapse. Alternatively inhibiting germination, i.e., by 
altering the gut flora towards secondary bile acids that 
inhibit vegetative forms[46] might also be a therapeutic 
option. 

The use of vancomycin to treat CDI predates recogni-
tion of C. difficile as the causative agent of antibiotic 
associated colitis. First recurrence of CDI is treated 
with the same agent used for the initial episode. If clini-
cally severe then vancomycin is used[7,52]. For second 
recurrence, pulsed and/or tapered vancomycin is recom-
mended. Metronidazole is not used beyond the first 
recurrence due to possible cumulative neuropathy[62] (Table 
1 is a summary of general clinical approach to RCDI). 

Data supporting these recommendations is recog-
nized as weak and poor quality with no corroborative 
randomized controlled trials. 

Tedesco et al[63] reported on 22 patients treated 
for 21 d with a vancomycin taper and pulse and noted 
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no relapses (average follow-up 2-12 mo). In McFarland 
et al[11], 83 patients treated with 10-14 d course of 
vancomycin had an average relapse rate of 55% (range 
42%-71%, depending on vancomycin dosing). Twenty-
nine patients were treated with a vancomycin taper over 
an average of 21 d and 31% relapsed. If vancomycin 
taper was followed by vancomycin pulse (drug dosed 
every 48 or 72 h) then relapse decreased to 20% (10 
patients). Lastly, 7 patients treated only with vancomycin 
pulse had 14% relapse[11]. The theory behind pulsed 
doses is to target vegetative forms of C. difficile but 
still allow restitution of the gut flora[11]. These numbers 
are small and the approach is not standardized. Oral 
vancomycin is also expensive: A 6 wk tapered course can 
cost hundreds of dollars[64].

Management of those who fail pulsed/tapered vanco-
mycin is challenging.

ALTERNATIVE AGENTS FOR RCDI
Rifaximin is a synthetic rifamycin derivative that inhi-
bits transcription[65]. It has little (< 0.4%) systemic ab-
sorption[65]. It is not used as monotherapy due to rapid 
emergence of resistance[66,67]. It has been used as an 
adjunct to vancomycin after 2 wk of standard treatment 
or taper[67]. Dosed at 400 mg BID for 2 wk after van-
comycin taper, cure was described in 17/20 patients in 
3 reports[67-69]. Recurrence rate was similar (15%) in a 
small (68 patients) RCT[70].

Fidaxomicin is the first macrolide antibiotic with an 18 
membered macrocyclic lactone ring[71]. It is bactericidal 
and acts at an early step of RNA synthesis (it stops 
DNA strand separation)[72]. The C. difficile minimum 

inhibitory concentration is lower than that for vancomycin 
or metronidazolel[73]. A prolonged post antibiotic effect 
of at least 10 h allows twice daily dosing[74]. It is not 
absorbed systemically and has minimal effect on the 
gut microbiome. The effect on transcription inhibits both 
sporulation and toxin production[28,75]. The effect on 
sporulation may impact recurrences.

In vitro then and based on mechanism of action 
fidaxomicin should be an attractive option for RCDI. 
Indeed, in a phase 3 trial fidaxomicin was non inferior to 
vancomycin in terms of clinical cure[76]. Moreover, in the 
same study it strikingly decreased recurrence rates from 
24%-25% to 13%-15%. Adverse event profiles were 
similar. 

Subset analysis looking specifically at RCDI con-
firmed both the efficacy of fidaxomicin and decreased 
recurrence[77]. The stumbling block with fidaxomicin is the 
prohibitive cost ($140 per pill, 2800 for ten day course)[52].

Cadazolid, a novel hybrid antibiotic with a quino-
lone pharmacophore incorporated in an oxazolidinone 
ring has potent anti C. difficile activity and decreased 
propensity to induce antibiotic resistance[78,79]. It has a 
dual mechanism of action, both inhibiting translation and 
DNA synthesis[78,80]. Phase 1 studies with doses up to 
3000 mg indicated the drug to be generally well tolerated 
with headache and diarrhea being most common SE.

A phase Ⅱ multi-center, double-blind, randomized 
study was conducted in 84 CDI patients. Cadazolid was 
dosed at 250, 500, or 1000 mg and deemed comparable 
or superior to vancomycin with respect to clinical and sus-
tained cure rates[79,81]. Lower recurrence rates (18%-25% 
vs 50%) were noted for all doses[82]. Although there is 
no data as yet in RCDI, given decreased recurrence rate, 
and reported impact on spore production efficacy in RCDI 
is of significant interest. 

GASTROINTESTINAL MICROBIOME: 
ROLE IN CDI
The adult gastrointestinal tract has 1014 bacterial cells 
from > 1000 different bacterial species[83,84], which com-
prise the microbiome, or gut flora. Composition varies 
depending on diet, age and health[85]. A “healthy” micro-
biome has a large number of different species of micro-
organisms with more of certain phyla, i.e., Firmicutes and 
Bacteroides and less of others, i.e., Proteobacteria[86]. Gut 
bacteria play critical roles in immunity, epithelial barrier 
function (resist pathogens) and nutrient absorption[87]. 
Any imbalance (in number, species, or composition) can 
distort this symbiosis leading to the converse, known 
as dysbiosis[88,89]. The microbiome varies between indivi-
duals but is generally stable over time[90]. 

C. difficile can be part of the normal microbiome[88], 
but is generally contained by other more dominant 
anaerobes. A healthy microbiome may protect against 
CDI in different ways. One may simply be due to numbers 
and competition for nutrients and mucosal niches[30]. 

General
   Stop/minimize antibiotics (if possible, to allow gut flora to repopulate)
   Rule out other causes of diarrhea, i.e., post-infectious IBS 
   (check stool for C diff only in context of symptoms, not as test of cure)
Antibiotic treatment
   Use the same antibiotic as initial regimen (depending on disease 
   severity and response to initial treatment)[7,52] 
   Consider Vancomycin taper ± pulse[11] 
   Vancomycin followed by rifaximin chaser[67]

   Fidaxomicin[80]

Probiotics
   Probiotics with antibiotics may help[99]. Consider adding to last 2 wk 
   of vancomycin pulse/taper and continue for 4 wk after 
   (caution in immunocompromised patients- may cause fungemia. Don’t 
   use in isolation. Not standardized, doses/active agents may vary)
Immunotherapy
   Monoclonal antibody (neutralize toxin)[54]

   IVIG[51]

   Toxoid vaccine[58]

   Non toxigenic strains[42]

Bacteriotherapy
   Fecal microbiota transplant[111,114]

Table 1  Management outline for recurrent Clostridium difficile  
infection[7]

IBS: Irritable bowel syndrome; IVIG: Intravenous immunoglobulin. 
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Alternatively, the microbiome may elicit substances, i.e., 
short chain fatty acids that actively inhibit C. difficile[91]. 
Normal intestinal flora primes a Myd88 TLR-5 depen-
dent innate immune response which protects against 
CDI[92]. More recent data shows that certain bacteria (i.e., 
Clostridium schindens) change the primary and secondary 
bile acids ratio[46]. 

The most common cause of alteration in the micro-
biome is antibiotic use, which can affect “mutualistic” 
interactions[93]. The gut microbiome in patients with C. 
difficile is indeed dysbiotic[94,95]. Probiotics have been used 
in an attempt to redress this. 

Probiotics are preparations containing live microbial 
agents that may be beneficial to the host when ingested. 
They range from yoghurt to specific microbial extractions 
(i.e., lactobacillus, Saccharomyces boulardii). Efficacy 
in RCDI may be multifactorial and comprise restitution 
of gut flora[96], specific anti C. difficile effect (i.e., S. 
boulardii protease cleaves Toxin A)[96] and/or immune 
modulation[97]. 

At present preparations are not standardized or re-
gulated, and may have no live organisms or organisms 
not listed on label[52]. There is risk of fungemia or bac-
teremia- even in immunocompetent hosts[98].

Staggered and tapered vancomycin with daily kefir 
(yoghurt) led to resolution of symptoms in 21/25 patients 
with RCDI[99]. This was a retrospective study and remains 
to be confirmed. 

FECAL MICROBIOTA TRANSPLANTATION 
Administration of exogenous fecal material via fecal 
microbiota transplant (FMT) to correct intestinal dysbio-
sis has been used successfully to treat CDI. FMT for 
pseudomembranous colitis was performed in 1950s by 
Eiseman et al[100] using fecal enemas. Successful use of 
FMT to treat CDI was reported in 1983[101]. A proof of 
principle study reported by Silverman et al[102] in 2010 
described 7 patients with RCDI who self-administered 
fecal enemas at home. At an average of 14 mo follow-up 
there were no recurrences[102]. Brandt et al[103] reported 
long term follow-up of 77/94 patients administered 
colonoscopic FMT for RCDI with primary cure rate of 
91% (resolution of symptoms without recurrence). Since 
then multiple case reports and small series have been 
published showing efficacy in CDI[102,104]. An open label 
randomized clinical trial comparing fecal transplant to 
vancomycin was stopped early when interim analysis 
showed that 94% patients in the transplant group 
had improvement of diarrhea compared to 31% in the 
vancomycin alone group[105]. FMT has been reported for 
more than 1000 cases worldwide with > 90% efficacy[106], 
including patients with severe CDI[107]. Current guidelines 
recommend FMT for 3rd recurrence (i.e., after vancomycin 
taper)[7,52].

Also deemed “bacteriotherapy”, FMT restores both 
the microbiome and favorable bile acid composition[31,108]. 

Barriers to mainstream use of fecal transplants have 
included general aversion to knowing ingestion of feces, 

technical issues with standardization of material (route of 
administration, donor, volume, preparation) and concern for 
transmission of disease/infection[109]. Donors are screened 
and stool tested for transmissible pathogens[110].

An attempt to standardize FMT involving frozen oral 
FMT capsules led to 90% clearance of diarrhea[111]. A 
recent trial from Canada directly compared efficacy of 
frozen- thawed vs fresh FMT administered via enema 
and showed equivalent outcomes (70%-75% overall 
cure)[112]. An alternative approach involved SER-109, a 
novel Firmicutes spore containing oral agent derived 
from healthy stool[113]. Thirty patients with RCDI received 
SER-109 after standard CDI antibiotic treatment. At 8 
wk 29/30 patients showed clinical resolution and diver-
sification of gut flora[113]. 

If borne out, these approaches would negate con-
cerns for procedural risk, donor variability and disease 
transmission and allow standardization of transplanted 
material. 

Many questions remain with respect to the micro-
biome and its role in RCDI. If indeed the main protective 
effect relates to bile acid composition then perhaps 
administration of favorable agents, i.e., deoxycholate 
may suffice. Defined microbial systems (i.e., a mixture 
of known specified microbes) have been used to treat 
CDI also[114]. The optimal composition remains to be 
defined. Current use of FMT is for those who have failed 
standard RCDI therapy. Use as first line therapy or 
indeed as prophylaxis in patients receiving antibiotics is 
possible. The role of microbiome modulation with FMT 
in other disease states ranging from obesity to multiple 
sclerosis[106] is being explored. 

CONCLUSION
Recurrent/relapsing C. difficile remains a therapeutic 
challenge. C. difficile spores are the agents of persistence 
and disease and additional efforts to minimize spread 
are warranted. Further research on factors that affect 
sporulation and vegetation may yield additional thera-
peutic targets. The role of the gut microbiome remains 
mysterious; however it is clearly of great importance not 
only in RCDI, but in myriad disease states. FMT is an 
effective therapeutic modality, but long term follow-up is 
needed. 

REFERENCES
1 Bartlett JG, Moon N, Chang TW, Taylor N, Onderdonk AB. Role 

of Clostridium difficile in antibiotic-associated pseudomembranous 
colitis. Gastroenterology 1978; 75: 778-782 [PMID: 700321]

2 George WL, Sutter VL, Goldstein EJ, Ludwig SL, Finegold SM. 
Aetiology of antimicrobial-agent-associated colitis. Lancet 1978; 1: 
802-803 [PMID: 85818 DOI: 10.1016/S0140-6736(78)93001-5]

3 Hall IC, O'Toole E. Intestinal flora in newborn infants with a 
description of a new pathogenic anaerobe Bacillus dificilis. J 
Dis Child 1935; 49: 390-402 [DOI: 10.1001/archpedi.1935. 
01970020105010]

4 George WL, Sutter VL, Citron D, Finegold SM. Selective and 
differential medium for isolation of Clostridium difficile. J Clin 
Microbiol 1979; 9: 214-219 [PMID: 429542]

Meehan AM et al . Challenges in management of recurrent and refractory CDI



33 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

5 Bouza E. Consequences of Clostridium difficile infection: under-
standing the healthcare burden. Clin Microbiol Infect 2012; 18 
Suppl 6: 5-12 [PMID: 23121549 DOI: 10.1111/1469-0691.12064]

6 Bagdasarian N, Rao K, Malani PN. Diagnosis and treatment of 
Clostridium difficile in adults: a systematic review. JAMA 2015; 
313: 398-408 [PMID: 25626036 DOI: 10.1001/jama.2014.17103]

7 Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald 
LC, Pepin J, Wilcox MH. Clinical practice guidelines for Clos-
tridium difficile infection in adults: 2010 update by the society for 
healthcare epidemiology of America (SHEA) and the infectious 
diseases society of America (IDSA). Infect Control Hosp Epidemiol 
2010; 31: 431-455 [PMID: 20307191 DOI: 10.1086/651706]

8 Kelly CP, LaMont JT. Clostridium difficile--more difficult than 
ever. N Engl J Med 2008; 359: 1932-1940 [PMID: 18971494 DOI: 
10.1056/NEJMra0707500]

9 Fekety R, McFarland LV, Surawicz CM, Greenberg RN, Elmer 
GW, Mulligan ME. Recurrent Clostridium difficile diarrhea: chara-
cteristics of and risk factors for patients enrolled in a prospective, 
randomized, double-blinded trial. Clin Infect Dis 1997; 24: 324-333 
[PMID: 9114180 DOI: 10.1093/clinids/24.3.324]

10 McFarland LV, Surawicz CM, Greenberg RN, Fekety R, Elmer 
GW, Moyer KA, Melcher SA, Bowen KE, Cox JL, Noorani Z. A 
randomized placebo-controlled trial of Saccharomyces boulardii 
in combination with standard antibiotics for Clostridium difficile 
disease. JAMA 1994; 271: 1913-1918 [PMID: 8201735]

11 McFarland LV, Elmer GW, Surawicz CM. Breaking the cycle: 
treatment strategies for 163 cases of recurrent Clostridium dif-
ficile disease. Am J Gastroenterol 2002; 97: 1769-1775 [PMID: 
12135033 DOI: 10.1111/j.1572-0241.2002.05839.x]

12 Barbut F, Richard A, Hamadi K, Chomette V, Burghoffer B, Petit 
JC. Epidemiology of recurrences or reinfections of Clostridium 
difficile-associated diarrhea. J Clin Microbiol 2000; 38: 2386-2388 
[PMID: 10835010]

13 Barbut F, Petit JC. Epidemiology of Clostridium difficile-asso-
ciated infections. Clin Microbiol Infect 2001; 7: 405-410 [PMID: 
11591202 DOI: 10.1046/j.1198-743x.2001.00289.x]

14 Barra-Carrasco J, Paredes-Sabja D. Clostridium difficile spores: 
a major threat to the hospital environment. Future Microbiol 2014; 
9: 475-486 [PMID: 24810347 DOI: 10.2217/fmb.14.2]

15 Roberts K, Smith CF, Snelling AM, Kerr KG, Banfield KR, Sleigh 
PA, Beggs CB. Aerial dissemination of Clostridium difficile spores. 
BMC Infect Dis 2008; 8: 7 [PMID: 18218089 DOI: 10.1186/1471- 
2334-8-7]

16 Setlow P. I will survive: DNA protection in bacterial spores. Trends 
Microbiol 2007; 15: 172-180 [PMID: 17336071 DOI: 10.1016/
j.tim.2007.02.004]

17 Peniche AG, Savidge TC, Dann SM. Recent insights into Clos-
tridium difficile pathogenesis. Curr Opin Infect Dis 2013; 26: 
447-453 [PMID: 23982235 DOI: 10.1097/01.qco.0000433318. 
82618.c6]

18 Johnson S. Recurrent Clostridium difficile infection: causality and 
therapeutic approaches. Int J Antimicrob Agents 2009; 33 Suppl 1: 
S33-S36 [PMID: 19303567 DOI: 10.1016/S0924-8579(09)70014-7]

19 Eyre DW, Griffiths D, Vaughan A, Golubchik T, Acharya M, O’
Connor L, Crook DW, Walker AS, Peto TE. Asymptomatic Clostri-
dium difficile colonisation and onward transmission. PLoS One 2013; 
8: e78445 [PMID: 24265690 DOI: 10.1371/journal.pone.0078445]

20 Leggett MJ, McDonnell G, Denyer SP, Setlow P, Maillard JY. 
Bacterial spore structures and their protective role in biocide resis-
tance. J Appl Microbiol 2012; 113: 485-498 [PMID: 22574673 
DOI: 10.1111/j.1365-2672.2012.05336.x]

21 Lawley TD, Clare S, Walker AW, Goulding D, Stabler RA, 
Croucher N, Mastroeni P, Scott P, Raisen C, Mottram L, Fairweather 
NF, Wren BW, Parkhill J, Dougan G. Antibiotic treatment of clos-
tridium difficile carrier mice triggers a supershedder state, spore-
mediated transmission, and severe disease in immunocompromised 
hosts. Infect Immun 2009; 77: 3661-3669 [PMID: 19564382 DOI: 
10.1128/IAI.00558-09]

22 Lawley TD, Clare S, Deakin LJ, Goulding D, Yen JL, Raisen C, 
Brandt C, Lovell J, Cooke F, Clark TG, Dougan G. Use of purified 

Clostridium difficile spores to facilitate evaluation of health 
care disinfection regimens. Appl Environ Microbiol 2010; 76: 
6895-6900 [PMID: 20802075 DOI: 10.1128/AEM.00718-10]

23 Deakin LJ, Clare S, Fagan RP, Dawson LF, Pickard DJ, West 
MR, Wren BW, Fairweather NF, Dougan G, Lawley TD. The 
Clostridium difficile spo0A gene is a persistence and transmission 
factor. Infect Immun 2012; 80: 2704-2711 [PMID: 22615253 DOI: 
10.1128/IAI.00147-12]

24 Janoir C, Denève C, Bouttier S, Barbut F, Hoys S, Caleechum 
L, Chapetón-Montes D, Pereira FC, Henriques AO, Collignon A, 
Monot M, Dupuy B. Adaptive strategies and pathogenesis of Clos-
tridium difficile from in vivo transcriptomics. Infect Immun 2013; 
81: 3757-3769 [PMID: 23897605 DOI: 10.1128/IAI.00515-13]

25 Underwood S, Guan S, Vijayasubhash V, Baines SD, Graham 
L, Lewis RJ, Wilcox MH, Stephenson K. Characterization of the 
sporulation initiation pathway of Clostridium difficile and its role 
in toxin production. J Bacteriol 2009; 191: 7296-7305 [PMID: 
19783633 DOI: 10.1128/JB.00882-09]

26 Eyre DW, Cule ML, Wilson DJ, Griffiths D, Vaughan A, O’Connor 
L, Ip CL, Golubchik T, Batty EM, Finney JM, Wyllie DH, Didelot X, 
Piazza P, Bowden R, Dingle KE, Harding RM, Crook DW, Wilcox 
MH, Peto TE, Walker AS. Diverse sources of C. difficile infection 
identified on whole-genome sequencing. N Engl J Med 2013; 369: 
1195-1205 [PMID: 24066741 DOI: 10.1056/NEJMoa1216064]

27 Donskey CJ, Kundrapu S, Deshpande A. Colonization versus 
carriage of Clostridium difficile. Infect Dis Clin North Am 2015; 
29: 13-28 [PMID: 25595843 DOI: 10.1016/j.idc.2014.11.001]

28 Babakhani F, Bouillaut L, Gomez A, Sears P, Nguyen L, Sonen-
shein AL. Fidaxomicin inhibits spore production in Clostridium 
difficile. Clin Infect Dis 2012; 55 Suppl 2: S162-S169 [PMID: 
22752866 DOI: 10.1093/cid/cis453]

29 Sorg JA, Sonenshein AL. Bile salts and glycine as cogerminants 
for Clostridium difficile spores. J Bacteriol 2008; 190: 2505-2512 
[PMID: 18245298 DOI: 10.1128/JB.01765-07]

30 Britton RA, Young VB. Role of the intestinal microbiota in 
resistance to colonization by Clostridium difficile. Gastroenterology 
2014; 146: 1547-1553 [PMID: 24503131 DOI: 10.1053/j.gastro. 
2014.01.059]

31 Weingarden AR, Chen C, Bobr A, Yao D, Lu Y, Nelson VM, 
Sadowsky MJ, Khoruts A. Microbiota transplantation restores 
normal fecal bile acid composition in recurrent Clostridium difficile 
infection. Am J Physiol Gastrointest Liver Physiol 2014; 306: 
G310-G319 [PMID: 24284963 DOI: 10.1152/ajpgi.00282.2013]

32 Monaghan TM. New perspectives in Clostridium difficile disease 
pathogenesis. Infect Dis Clin North Am 2015; 29: 1-11 [PMID: 
25573674 DOI: 10.1016/j.idc.2014.11.007]

33 Rineh A, Kelso MJ, Vatansever F, Tegos GP, Hamblin MR. 
Clostridium difficile infection: molecular pathogenesis and novel 
therapeutics. Expert Rev Anti Infect Ther 2014; 12: 131-150 [PMID: 
24410618 DOI: 10.1586/14787210.2014.866515]

34 Kuehne SA, Collery MM, Kelly ML, Cartman ST, Cockayne A, 
Minton NP. Importance of toxin A, toxin B, and CDT in virulence 
of an epidemic Clostridium difficile strain. J Infect Dis 2014; 209: 
83-86 [PMID: 23935202 DOI: 10.1093/infdis/jit426]

35 Carter GP, Rood JI, Lyras D. The role of toxin A and toxin B in 
the virulence of Clostridium difficile. Trends Microbiol 2012; 20: 
21-29 [PMID: 22154163 DOI: 10.1016/j.tim.2011.11.003]

36 Rupnik M, Janezic S. An Update on Clostridium difficile Toxino-
typing. J Clin Microbiol 2016; 54: 13-18 [PMID: 26511734 DOI: 
10.1128/JCM.02083-15]

37 Dingle KE, Elliott B, Robinson E, Griffiths D, Eyre DW, Stoesser 
N, Vaughan A, Golubchik T, Fawley WN, Wilcox MH, Peto TE, 
Walker AS, Riley TV, Crook DW, Didelot X. Evolutionary history 
of the Clostridium difficile pathogenicity locus. Genome Biol Evol 
2014; 6: 36-52 [PMID: 24336451 DOI: 10.1093/gbe/evt204]

38 Sun X, Hirota SA. The roles of host and pathogen factors and 
the innate immune response in the pathogenesis of Clostridium 
difficile infection. Mol Immunol 2015; 63: 193-202 [PMID: 
25242213 DOI: 10.1016/j.molimm.2014.09.005]

39 Hennequin C, Janoir C, Barc MC, Collignon A, Karjalainen T. 

Meehan AM et al . Challenges in management of recurrent and refractory CDI



34 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

Identification and characterization of a fibronectin-binding protein 
from Clostridium difficile. Microbiology 2003; 149: 2779-2787 
[PMID: 14523111 DOI: 10.1099/mic.0.26145-0]

40 Hennequin C, Collignon A, Karjalainen T. Analysis of expression 
of GroEL (Hsp60) of Clostridium difficile in response to stress. 
Microb Pathog 2001; 31: 255-260 [PMID: 11710845 DOI: 
10.1006/mpat.2001.0468]

41 Hennequin C, Porcheray F, Waligora-Dupriet A, Collignon A, 
Barc M, Bourlioux P, Karjalainen T. GroEL (Hsp60) of Clostridium 
difficile is involved in cell adherence. Microbiology 2001; 147: 
87-96 [PMID: 11160803 DOI: 10.1099/00221287-147-1-87]

42 Gerding DN, Meyer T, Lee C, Cohen SH, Murthy UK, Poirier A, 
Van Schooneveld TC, Pardi DS, Ramos A, Barron MA, Chen H, 
Villano S. Administration of spores of nontoxigenic Clostridium 
difficile strain M3 for prevention of recurrent C. difficile infection: 
a randomized clinical trial. JAMA 2015; 313: 1719-1727 [PMID: 
25942722 DOI: 10.1001/jama.2015.3725]

43 Brouwer MS, Roberts AP, Hussain H, Williams RJ, Allan E, Mullany 
P. Horizontal gene transfer converts non-toxigenic Clostridium 
difficile strains into toxin producers. Nat Commun 2013; 4: 2601 
[PMID: 24131955 DOI: 10.1038/ncomms3601]

44 Gerding DN, Muto CA, Owens RC. Treatment of Clostridium 
difficile infection. Clin Infect Dis 2008; 46 Suppl 1: S32-S42 [PMID: 
18177219 DOI: 10.1086/521861]

45 Khanna S, Pardi DS. Clostridium difficile infection: new insights 
into management. Mayo Clin Proc 2012; 87: 1106-1117 [PMID: 
23127735 DOI: 10.1016/j.mayocp.2012.07.016]

46 Buffie CG, Bucci V, Stein RR, McKenney PT, Ling L, Gobourne A, 
No D, Liu H, Kinnebrew M, Viale A, Littmann E, van den Brink 
MR, Jenq RR, Taur Y, Sander C, Cross JR, Toussaint NC, Xavier 
JB, Pamer EG. Precision microbiome reconstitution restores bile 
acid mediated resistance to Clostridium difficile. Nature 2015; 517: 
205-208 [PMID: 25337874 DOI: 10.1038/nature13828]

47 Johnson S, Louie TJ, Gerding DN, Cornely OA, Chasan-Taber 
S, Fitts D, Gelone SP, Broom C, Davidson DM. Vancomycin, 
metronidazole, or tolevamer for Clostridium difficile infection: results 
from two multinational, randomized, controlled trials. Clin Infect Dis 
2014; 59: 345-354 [PMID: 24799326 DOI: 10.1093/cid/ciu313]

48 Kyne L, Warny M, Qamar A, Kelly CP. Asymptomatic carriage 
of Clostridium difficile and serum levels of IgG antibody against 
toxin A. N Engl J Med 2000; 342: 390-397 [PMID: 10666429 
DOI: 10.1056/NEJM200002103420604]

49 Kyne L, Warny M, Qamar A, Kelly CP. Association between 
antibody response to toxin A and protection against recurrent 
Clostridium difficile diarrhoea. Lancet 2001; 357: 189-193 [PMID: 
11213096 DOI: 10.1016/S0140-6736(00)03592-3]

50 Hunt JJ, Ballard JD. Variations in virulence and molecular 
biology among emerging strains of Clostridium difficile. Microbiol 
Mol Biol Rev 2013; 77: 567-581 [PMID: 24296572 DOI: 10.1128/
MMBR.00017-13]

51 O’Horo J, Safdar N. The role of immunoglobulin for the treatment 
of Clostridium difficile infection: a systematic review. Int J Infect 
Dis 2009; 13: 663-667 [PMID: 19186089 DOI: 10.1016/j.ijid. 
2008.11.012]

52 Surawicz CM, Brandt LJ, Binion DG, Ananthakrishnan AN, Curry 
SR, Gilligan PH, McFarland LV, Mellow M, Zuckerbraun BS. 
Guidelines for diagnosis, treatment, and prevention of Clostridium 
difficile infections. Am J Gastroenterol 2013; 108: 478-98; quiz 
499 [PMID: 23439232 DOI: 10.1038/ajg.2013.4]

53 Shah N, Shaaban H, Spira R, Slim J, Boghossian J. Intravenous 
immunoglobulin in the treatment of severe clostridium difficile 
colitis. J Glob Infect Dis 2014; 6: 82-85 [PMID: 24926170 DOI: 
10.4103/0974-777X.132053]

54 Lowy I, Molrine DC, Leav BA, Blair BM, Baxter R, Gerding DN, 
Nichol G, Thomas WD, Leney M, Sloan S, Hay CA, Ambrosino 
DM. Treatment with monoclonal antibodies against Clostridium 
difficile toxins. N Engl J Med 2010; 362: 197-205 [PMID: 
20089970 DOI: 10.1056/NEJMoa0907635]

55 Baliban SM, Michael A, Shammassian B, Mudakha S, Khan AS, 
Cocklin S, Zentner I, Latimer BP, Bouillaut L, Hunter M, Marx P, 

Sardesai NY, Welles SL, Jacobson JM, Weiner DB, Kutzler MA. 
An optimized, synthetic DNA vaccine encoding the toxin A and 
toxin B receptor binding domains of Clostridium difficile induces 
protective antibody responses in vivo. Infect Immun 2014; 82: 
4080-4091 [PMID: 25024365 DOI: 10.1128/IAI.01950-14]

56 Giannasca PJ, Zhang ZX, Lei WD, Boden JA, Giel MA, Monath 
TP, Thomas WD. Serum antitoxin antibodies mediate systemic and 
mucosal protection from Clostridium difficile disease in hamsters. 
Infect Immun 1999; 67: 527-538 [PMID: 9916055]

57 Ghose C, Kelly CP. The prospect for vaccines to prevent 
Clostridium difficile infection. Infect Dis Clin North Am 2015; 29: 
145-162 [PMID: 25677708 DOI: 10.1016/j.idc.2014.11.013]

58 Sougioultzis S, Kyne L, Drudy D, Keates S, Maroo S, Pothoulakis C, 
Giannasca PJ, Lee CK, Warny M, Monath TP, Kelly CP. Clostridium 
difficile toxoid vaccine in recurrent C. difficile-associated diarrhea. 
Gastroenterology 2005; 128: 764-770 [PMID: 15765411 DOI: 
10.1053/j.gastro.2004.11.004]

59 Bartlett JG. A call to arms: the imperative for antimicrobial steward-
ship. Clin Infect Dis 2011; 53 Suppl 1: S4-S7 [PMID: 21795727 DOI: 
10.1093/cid/cir362]

60 Badger VO, Ledeboer NA, Graham MB, Edmiston CE. Clostri-
dium difficile: epidemiology, pathogenesis, management, and 
prevention of a recalcitrant healthcare-associated pathogen. JPEN J 
Parenter Enteral Nutr 2012; 36: 645-662 [PMID: 22577120 DOI: 
10.1177/0148607112446703]

61 Chopra T, Goldstein EJ. Clostridium difficile Infection in Long-
term Care Facilities: A Call to Action for Antimicrobial Steward-
ship. Clin Infect Dis 2015; 60 Suppl 2: S72-S76 [PMID: 25922404 
DOI: 10.1093/cid/civ053]

62 Kapoor K, Chandra M, Nag D, Paliwal JK, Gupta RC, Saxena 
RC. Evaluation of metronidazole toxicity: a prospective study. Int 
J Clin Pharmacol Res 1999; 19: 83-88 [PMID: 10761537]

63 Tedesco FJ, Gordon D, Fortson WC. Approach to patients with 
multiple relapses of antibiotic-associated pseudomembranous 
colitis. Am J Gastroenterol 1985; 80: 867-868 [PMID: 4050760]

64 Patel NC, Griesbach CL, DiBaise JK, Orenstein R. Fecal micro-
biota transplant for recurrent Clostridium difficile infection: Mayo 
Clinic in Arizona experience. Mayo Clin Proc 2013; 88: 799-805 
[PMID: 23910407 DOI: 10.1016/j.mayocp.2013.04.022]

65 Rivkin A, Gim S. Rifaximin: new therapeutic indication and future 
directions. Clin Ther 2011; 33: 812-827 [PMID: 21741091 DOI: 
10.1016/j.clinthera.2011.06.007]

66 Carman RJ, Boone JH, Grover H, Wickham KN, Chen L. In 
vivo selection of rifamycin-resistant Clostridium difficile during 
rifaximin therapy. Antimicrob Agents Chemother 2012; 56: 
6019-6020 [PMID: 22908175 DOI: 10.1128/AAC.00974-12]

67 Johnson S, Schriever C, Galang M, Kelly CP, Gerding DN. Interrup-
tion of recurrent Clostridium difficile-associated diarrhea episodes 
by serial therapy with vancomycin and rifaximin. Clin Infect Dis 
2007; 44: 846-848 [PMID: 17304459 DOI: 10.1086/511870]

68 Garey KW, Jiang ZD, Bellard A, Dupont HL. Rifaximin in 
treatment of recurrent Clostridium difficile-associated diarrhea: 
an uncontrolled pilot study. J Clin Gastroenterol 2009; 43: 91-93 
[PMID: 18385603 DOI: 10.1097/MCG.0b013e31814a4e97]

69 Johnson S, Schriever C, Patel U, Patel T, Hecht DW, Gerding 
DN. Rifaximin Redux: treatment of recurrent Clostridium difficile 
infections with rifaximin immediately post-vancomycin treatment. 
Anaerobe 2009; 15: 290-291 [PMID: 19698797 DOI: 10.1016/
j.anaerobe.2009.08.004]

70 Garey KW, Ghantoji SS, Shah DN, Habib M, Arora V, Jiang ZD, 
DuPont HL. A randomized, double-blind, placebo-controlled pilot 
study to assess the ability of rifaximin to prevent recurrent diarrhoea 
in patients with Clostridium difficile infection. J Antimicrob 
Chemother 2011; 66: 2850-2855 [PMID: 21948965 DOI: 10.1093/
jac/dkr377]

71 Mullane KM, Gorbach S. Fidaxomicin: first-in-class macrocyclic 
antibiotic. Expert Rev Anti Infect Ther 2011; 9: 767-777 [PMID: 
21810048 DOI: 10.1586/eri.11.53]

72 Artsimovitch I, Seddon J, Sears P. Fidaxomicin is an inhibitor of 
the initiation of bacterial RNA synthesis. Clin Infect Dis 2012; 55 

Meehan AM et al . Challenges in management of recurrent and refractory CDI



35 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

Suppl 2: S127-S131 [PMID: 22752861 DOI: 10.1093/cid/cis358]
73 Babakhani F, Gomez A, Robert N, Sears P. Killing kinetics of 

fidaxomicin and its major metabolite, OP-1118, against Clostridium 
difficile. J Med Microbiol 2011; 60: 1213-1217 [PMID: 21349983 
DOI: 10.1099/jmm.0.029470-0]

74 Babakhani F, Gomez A, Robert N, Sears P. Postantibiotic 
effect of fidaxomicin and its major metabolite, OP-1118, against 
Clostridium difficile. Antimicrob Agents Chemother 2011; 55: 
4427-4429 [PMID: 21709084 DOI: 10.1128/AAC.00104-11]

75 Babakhani F, Bouillaut L, Sears P, Sims C, Gomez A, Sonenshein 
AL. Fidaxomicin inhibits toxin production in Clostridium difficile. 
J Antimicrob Chemother 2013; 68: 515-522 [PMID: 23208832 
DOI: 10.1093/jac/dks450]

76 Louie TJ, Miller MA, Mullane KM, Weiss K, Lentnek A, Golan Y, 
Gorbach S, Sears P, Shue YK. Fidaxomicin versus vancomycin for 
Clostridium difficile infection. N Engl J Med 2011; 364: 422-431 
[PMID: 21288078 DOI: 10.1056/NEJMoa0910812]

77 Cornely OA, Miller MA, Louie TJ, Crook DW, Gorbach SL. 
Treatment of first recurrence of Clostridium difficile infection: 
fidaxomicin versus vancomycin. Clin Infect Dis 2012; 55 Suppl 2: 
S154-S161 [PMID: 22752865 DOI: 10.1093/cid/cis462]

78 Locher HH, Seiler P, Chen X, Schroeder S, Pfaff P, Enderlin M, 
Klenk A, Fournier E, Hubschwerlen C, Ritz D, Kelly CP, Keck 
W. In vitro and in vivo antibacterial evaluation of cadazolid, a 
new antibiotic for treatment of Clostridium difficile infections. 
Antimicrob Agents Chemother 2014; 58: 892-900 [PMID: 24277020 
DOI: 10.1128/AAC.01830-13]

79 Baldoni D, Gutierrez M, Timmer W, Dingemanse J. Cadazolid, a 
novel antibiotic with potent activity against Clostridium difficile: 
safety, tolerability and pharmacokinetics in healthy subjects 
following single and multiple oral doses. J Antimicrob Chemother 
2014; 69: 706-714 [PMID: 24106141 DOI: 10.1093/jac/dkt401]

80 Miller M. Fidaxomicin (OPT-80) for the treatment of Clostridium 
difficile infection. Expert Opin Pharmacother 2010; 11: 1569-1578 
[PMID: 20446864 DOI: 10.1517/14656566.2010.485614]

81 Kali A, Charles MV, Srirangaraj S. Cadazolid: A new hope in the 
treatment of Clostridium difficile infection. Australas Med J 2015; 
8: 253-262 [PMID: 26392822 DOI: 10.4066/AMJ.2015.2441]

82 Louie T, Nord CE, Talbot GH, Wilcox M, Gerding DN, Buitrago 
M, Kracker H, Charef P, Cornely OA. Multicenter, Double-Blind, 
Randomized, Phase 2 Study Evaluating the Novel Antibiotic 
Cadazolid in Patients with Clostridium difficile Infection. Antimicrob 
Agents Chemother 2015; 59: 6266-6273 [PMID: 26248357 DOI: 
10.1128/AAC.00504-15]

83 Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, 
Sargent M, Gill SR, Nelson KE, Relman DA. Diversity of the 
human intestinal microbial flora. Science 2005; 308: 1635-1638 
[PMID: 15831718 DOI: 10.1126/science.1110591]

84 Savage DC. Microbial ecology of the gastrointestinal tract. Annu 
Rev Microbiol 1977; 31: 107-133 [PMID: 334036 DOI: 10.1146/
annurev.mi.31.100177.000543]

85 Hooper LV, Midtvedt T, Gordon JI. How host-microbial interac-
tions shape the nutrient environment of the mammalian intestine. 
Annu Rev Nutr 2002; 22: 283-307 [PMID: 12055347 DOI: 
10.1146/annurev.nutr.22.011602.092259]

86 Rupnik M. Toward a true bacteriotherapy for Clostridium difficile 
infection. N Engl J Med 2015; 372: 1566-1568 [PMID: 25875262 
DOI: 10.1056/NEJMcibr1500270]

87 Kau AL, Ahern PP, Griffin NW, Goodman AL, Gordon JI. Human 
nutrition, the gut microbiome and the immune system. Nature 
2011; 474: 327-336 [PMID: 21677749 DOI: 10.1038/nature10213]

88 Bien J, Palagani V, Bozko P. The intestinal microbiota dysbiosis 
and Clostridium difficile infection: is there a relationship with 
inflammatory bowel disease? Therap Adv Gastroenterol 2013; 6: 
53-68 [PMID: 23320050]

89 Petersen C, Round JL. Defining dysbiosis and its influence on 
host immunity and disease. Cell Microbiol 2014; 16: 1024-1033 
[PMID: 24798552 DOI: 10.1111/cmi.12308]

90 Structure, function and diversity of the healthy human microbiome. 
Nature 2012; 486: 207-214 [PMID: 22699609 DOI: 10.1038/

nature11234]
91 Bibbò S, Lopetuso LR, Ianiro G, Di Rienzo T, Gasbarrini A, 

Cammarota G. Role of microbiota and innate immunity in recurrent 
Clostridium difficile infection. J Immunol Res 2014; 2014: 462740 
[PMID: 24995345]

92 Jarchum I, Liu M, Shi C, Equinda M, Pamer EG. Critical role for 
MyD88-mediated neutrophil recruitment during Clostridium difficile 
colitis. Infect Immun 2012; 80: 2989-2996 [PMID: 22689818 DOI: 
10.1128/IAI.00448-12]

93 Jernberg C, Löfmark S, Edlund C, Jansson JK. Long-term ecolo-
gical impacts of antibiotic administration on the human intestinal 
microbiota. ISME J 2007; 1: 56-66 [PMID: 18043614]

94 Chang JY, Antonopoulos DA, Kalra A, Tonelli A, Khalife WT, 
Schmidt TM, Young VB. Decreased diversity of the fecal Microbiome 
in recurrent Clostridium difficile-associated diarrhea. J Infect Dis 
2008; 197: 435-438 [PMID: 18199029 DOI: 10.1086/525047]

95 Khanna S, Tosh PK. A clinician’s primer on the role of the micro-
biome in human health and disease. Mayo Clin Proc 2014; 89: 
107-114 [PMID: 24388028 DOI: 10.1016/j.mayocp.2013.10.011]

96 Castagliuolo I, Riegler MF, Valenick L, LaMont JT, Pothoulakis C. 
Saccharomyces boulardii protease inhibits the effects of Clostridium 
difficile toxins A and B in human colonic mucosa. Infect Immun 
1999; 67: 302-307 [PMID: 9864230]

97 Allen SJ. The potential of probiotics to prevent Clostridium difficile 
infection. Infect Dis Clin North Am 2015; 29: 135-144 [PMID: 
25677707 DOI: 10.1016/j.idc.2014.11.002]

98 Muñoz P, Bouza E, Cuenca-Estrella M, Eiros JM, Pérez MJ, 
Sánchez-Somolinos M, Rincón C, Hortal J, Peláez T. Saccharomyces 
cerevisiae fungemia: an emerging infectious disease. Clin Infect Dis 
2005; 40: 1625-1634 [PMID: 15889360 DOI: 10.1086/429916]

99 Bakken JS. Staggered and tapered antibiotic withdrawal with 
administration of kefir for recurrent Clostridium difficile infection. 
Clin Infect Dis 2014; 59: 858-861 [PMID: 24917658 DOI: 10.1093/
cid/ciu429]

100 Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as 
an adjunct in the treatment of pseudomembranous enterocolitis. 
Surgery 1958; 44: 854-859 [PMID: 13592638]

101 Schwan A, Sjölin S, Trottestam U, Aronsson B. Relapsing clostri-
dium difficile enterocolitis cured by rectal infusion of homologous 
faeces. Lancet 1983; 2: 845 [PMID: 6137662 DOI: 10.1016/S0140- 
6736(83)90753-5]

102 Silverman MS, Davis I, Pillai DR. Success of self-administered 
home fecal transplantation for chronic Clostridium difficile infection. 
Clin Gastroenterol Hepatol 2010; 8: 471-473 [PMID: 20117243 
DOI: 10.1016/j.cgh.2010.01.007]

103 Brandt LJ, Aroniadis OC, Mellow M, Kanatzar A, Kelly C, Park 
T, Stollman N, Rohlke F, Surawicz C. Long-term follow-up of 
colonoscopic fecal microbiota transplant for recurrent Clostridium 
difficile infection. Am J Gastroenterol 2012; 107: 1079-1087 [PMID: 
22450732 DOI: 10.1038/ajg.2012.60]

104 Yoon SS, Brandt LJ. Treatment of refractory/recurrent C. difficile-
associated disease by donated stool transplanted via colonoscopy: 
a case series of 12 patients. J Clin Gastroenterol 2010; 44: 562-566 
[PMID: 20463588 DOI: 10.1097/MCG.0b013e3181dac035]

105 van Nood E, Dijkgraaf MG, Keller JJ. Duodenal infusion of feces 
for recurrent Clostridium difficile. N Engl J Med 2013; 368: 2145 
[PMID: 23718168]

106 Petrof EO, Khoruts A. From stool transplants to next-generation 
microbiota therapeutics. Gastroenterology 2014; 146: 1573-1582 
[PMID: 24412527 DOI: 10.1053/j.gastro.2014.01.004]

107 Zainah H, Hassan M, Shiekh-Sroujieh L, Hassan S, Alangaden 
G, Ramesh M. Intestinal microbiota transplantation, a simple and 
effective treatment for severe and refractory Clostridium difficile 
infection. Dig Dis Sci 2015; 60: 181-185 [PMID: 25052150 DOI: 
10.1007/s10620-014-3296-y]

108 Seekatz AM, Aas J, Gessert CE, Rubin TA, Saman DM, Bakken 
JS, Young VB. Recovery of the gut microbiome following fecal 
microbiota transplantation. MBio 2014; 5: e00893-e00814 [PMID: 
24939885 DOI: 10.1128/mBio.00893-14]

109 Lo Vecchio A, Cohen MB. Fecal microbiota transplantation for 

Meehan AM et al . Challenges in management of recurrent and refractory CDI



36 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

Clostridium difficile infection: benefits and barriers. Curr Opin 
Gastroenterol 2014; 30: 47-53 [PMID: 24275671 DOI: 10.1097/
MOG.0000000000000023]

110 Bakken JS, Borody T, Brandt LJ, Brill JV, Demarco DC, Franzos 
MA, Kelly C, Khoruts A, Louie T, Martinelli LP, Moore TA, 
Russell G, Surawicz C. Treating Clostridium difficile infection with 
fecal microbiota transplantation. Clin Gastroenterol Hepatol 2011; 
9: 1044-1049 [PMID: 21871249 DOI: 10.1016/j.cgh.2011.08.014]

111 Youngster I, Russell GH, Pindar C, Ziv-Baran T, Sauk J, Hohmann 
EL. Oral, capsulized, frozen fecal microbiota transplantation 
for relapsing Clostridium difficile infection. JAMA 2014; 312: 
1772-1778 [PMID: 25322359 DOI: 10.1001/jama.2014.13875]

112 Lee CH, Steiner T, Petrof EO, Smieja M, Roscoe D, Nematallah 
A, Weese JS, Collins S, Moayyedi P, Crowther M, Ropeleski MJ, 

Jayaratne P, Higgins D, Li Y, Rau NV, Kim PT. Frozen vs Fresh 
Fecal Microbiota Transplantation and Clinical Resolution of 
Diarrhea in Patients With Recurrent Clostridium difficile Infection: 
A Randomized Clinical Trial. JAMA 2016; 315: 142-149 [PMID: 
26757463 DOI: 10.1001/jama.2015.18098]

113 Khanna S, Pardi DS, Kelly CR, Kraft CS, Dhere T, Henn MR, 
Lombardo MJ, Vulic M, Ohsumi T, Winkler J, Pindar C, McGovern 
BH, Pomerantz RJ, Aunins JG, Cook DN, Hohmann EL. A Novel 
Microbiome Therapeutic Increases Gut Microbial Diversity and 
Prevents Recurrent Clostridium difficile Infection. J Infect Dis 
2016: 214: 173-181 [PMID: 26908752 DOI: 10.1093/infdis/jiv766]

114 Tvede M, Rask-Madsen J. Bacteriotherapy for chronic relapsing 
Clostridium difficile diarrhoea in six patients. Lancet 1989; 1: 
1156-1160 [PMID: 2566734]

P- Reviewer: García-Elorriaga G, Krishnan T, Moschovi MA    
S- Editor: Ji FF    L- Editor: A    E- Editor: Li D  

Meehan AM et al . Challenges in management of recurrent and refractory CDI



Jean Klastersky, Marianne Paesmans, Michel Aoun, Aspasia Georgala, Angela Loizidou, Yassine Lalami, 
Lissandra Dal Lago

REVIEW

37 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

Clinical research in febrile neutropenia in cancer patients: 
Past achievements and perspectives for the future

Jean Klastersky, Marianne Paesmans, Michel Aoun, Aspasia 
Georgala, Angela Loizidou, Yassine Lalami, Lissandra Dal 
Lago, Institut Jules Bordet, Service de Médecine, Centre des Tu
meurs de l’Université Libre de Bruxelles, 1000 Brussels, Belgium

Author contributions: Klastersky J contributed to historical 
background and introduction; Paesmans M contributed to risk 
prediction for complications and death; Klastersky J contributed 
to prevention according to risk; Aoun M contributed to empiric 
therapy according to risk; Georgala A contributed to emergence 
of resistant strains; Loizidou A contributed to persisting febrile 
neutropenia; Lalami Y contributed to cost issues; Dal Lago 
L contributed to febrile neutropenia at the extreme of age; 
Klastersky J and Aoun M contributed to conclusion.

Conflict-of-interest statement: None of the authors has any 
conflict of interest. 

Open-Access: This article is an openaccess article which was 
selected by an inhouse editor and fully peerreviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BYNC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work noncommercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is noncommercial. See: http://creativecommons.org/
licenses/bync/4.0/

Manuscript source: Invited manuscript

Correspondence to: Jean Klastersky, MD, PhD, Institut Jules 
Bordet, Service de Médecine, Centre des Tumeurs de l’Université 
Libre de Bruxelles, 1, rue HégerBordet, 1000 Brussels, 
Belgium. jean.klastersky@bordet.be
Telephone: +3225417396
Fax: +3225380858

Received: June 30, 2015 
Peer-review started: July 6, 2015
First decision: September 30, 2015
Revised: April 25, 2016 
Accepted: June 1, 2016
Article in press: June 3, 2016
Published online: August 25, 2016

Abstract
Febrile neutropenia (FN) is responsible for significant 
morbidity and mortality. It can also be the reason for 
delaying or changing potentially effective treatments and 
generates substantial costs. It has been recognized for 
more than 50 years that empirical administration of broad 
spectrum antibiotics to patients with FN was associated 
with much improved outcomes; that has become a 
paradigm of management. Increase in the incidence of 
microorganisms resistant to many antibiotics represents 
a challenge for the empirical antimicrobial treatment and 
is a reason why antibiotics should not be used for the 
prevention of neutropenia. Prevention of neutropenia 
is best performed with the use of granulocyte colony-
stimulating factors (G-CSFs). Prophylactic administration 
of G-CSFs significantly reduces the risk of developing 
FN and consequently the complications linked to that 
condition; moreover, the administration of G-CSF is 
associated with few complications, most of which are 
not severe. The most common reason for not using 
G-CSF as a prophylaxis of FN is the relatively high cost. 
If FN occurs, in spite of prophylaxis, empirical therapy 
with broad spectrum antibiotics is mandatory. However 
it should be adjusted to the risk of complications as 
established by reliable predictive instruments such as 
the Multinational Association for Supportive Care in 
Cancer. Patients predicted at a low level of risk of serious 
complications, can generally be treated with orally admini-
stered antibiotics and as out-patients. Patients with a 
high risk of complications should be hospitalized and 
treated intravenously. A short period of time between the 
onset of FN and beginning of empirical therapy is crucial 
in those patients. Persisting fever in spite of antimicrobial 
therapy in neutropenic patients requires a special dia-
gnostic attention, since invasive fungal infection is a 
possible cause for it and might require the use of empirical 
antifungal therapy. 

Key words: Fever; Neutropenia; Prophylaxis; Algorithm; 
Cancer
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Core tip: The overall presentation of febrile neutropenia 
has considerably changed over the last 50 years. Pre-
vention is now feasible with the use of granulocyte 
colony stimulating factors. If fever appears in a neutro-
penic patient, empirical therapy with broad spectrum 
antibiotics is mandatory; it should be adapted to the 
risk of severe complications that can be now predicted 
in individual patients using a reliable scoring system. 
Special situations such as persisting fever in neutropenic 
patients, the risk of invasive fungal infection and the 
management of older patients are crucial questions that 
are discussed as well as the issues linked to the high 
cost of prophylaxis and therapy. 
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HISTORICAL BACKGROUND AND 
INTRODUCTION
In 1966, Bennett et al[1] showed convincingly that severe 
and/or protected neutropenia, in cancer patients, was 
associated with increased risks of severe infection. At 
that time, patients receiving chemotherapy (CT) were 
almost exclusively those with acute leukemia, a condition 
associated with severe bone marrow dysfunction. As a 
result of severe neutropenia, overwhelming infection-
mainly caused by Gram-negative sepsis - was responsible 
for a mortality in the range of 90%, often precluding the 
completion of successful anti-leukemic therapy[2]. It was 
also observed at that time that mortality resulting from 
sepsis, in those severely neutropenic patients, was early 
after the onset of fever and that fever was often the only 
manifestation of the infection; this led to the concept of 
febrile neutropenia (FN), which was widely accepted as a 
significant clinical syndrome.

Today, the syndrome has become more hetero-
geneous; most patients with FN are receiving relatively 
less myelotoxic CT for solid tumors; as a consequence, 
the overall incidence of FN in CT-treated patients has 
dropped to 10% and the overall mortality, in cases of 
Gram-negative bacteremia, is about 20%[3]. At the same 
time, there has been a significant shift in the micro-
biological etiology of FN in neutropenic patients; gradually 
Gram-positive infections became more prevalent and, 
actually, Gram-positive and Gram-negative microorganisms 
are involved, as a cause of bacteremia in patients with FN, 
in 50% of the cases, respectively[3].

A major advance in the approach of FN has been the 
introduction of empirical broad spectrum antimicrobial 

therapy as soon as fever appeared in a neutropenic 
patient[4]. That concept that has never been challenged 
in a comparative trial, was then against the dogma of 
treating infection; however, it proved to be obviously so 
effective that it is still accepted as a paradigm for the 
management of FN today[5].

However, with the changing epidemiology of FN, it 
became obvious that all patients with FN probably had 
no longer the same risk of complications and death; this 
observation led to the search for prognostic factors of 
these complications and, consequently, with the possibility 
of prediction of that risk, to adjustments of empirical 
therapy. These aspects will be dealt with in details later 
in this paper. Finally, a major issue in CT treated cancer 
patients is the prevention of FN; these aspects will also be 
discussed in detail later.

NATURAL HISTORY OF FN
The severity of neutropenia - which directly influences 
the frequency of FN - is clearly related to the intensity of 
CT (number of agents and respective doses, as well as 
the myelotoxic potential of each component). However, 
the relationship between the type of CT and the risk of FN 
is far from being perfect. There are models that classify 
the common CT regimens according to the risk of FN as 
being low (< 10%), intermediate (10%-20%) or high (> 
20%)[6,7] but their predictive values are far from being 
optimal because they do not take into account the factors 
linked to the patients and to the underlying disease(s) 
(cancer and co-morbidities) which can increase the risk 
of developing FN and result in different frequencies of FN 
with the use of the same type of CT. These factors, which 
also increase the risk of complications and death during 
an episode of FN, will be discussed later.

It has been shown, in patients with many different 
tumors (lymphoma, breast, colon, lung, ovary and others) 
that the risk of developing FN is maximal during the 
first cycle of CT and diminished afterwards[8]. While the 
precise reason for that is not known, the clinical implica-
tion is very clear: If a prophylaxis of FN exists (this will be 
discussed later), it should be applied from the first cycle 
of CT.

As shown in Table 1, FN is associated with a signi-
ficant frequency of severe complications and deaths. 
These data are derived from a study of 2142 patients 
with FN registered in two observational studies conducted 
in different institutions and different countries[3]. It is 
shown that the type of underlying neoplasia, be it hema-
tological malignancy or solid tumor, does not influence 
significantly the incidence of complications or deaths 
during episodes of FN; on the other hand, the presence 
of bacteremia significantly increases both morbidity 
and mortality. Unfortunately, bacteremia is not easy to 
predict on a clinical basis at the time of onset fever, 
although manifestations such as high fever, hypotension 
and thrombocytopenia are possible clues for it. It is 
also important to stress that the presence of a focal 
infection (e.g., pneumonia or cellulitis) increases the 
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risk of dying during an episode of FN; these focal in-
fections are probably a surrogate for bacteremia but 
they also can lead to specific local complications by 
themselves[9]. Besides the severity of neutropenia (which 
is mainly influenced by the type of CT administrated) 
and the presence of bacteremia (which is difficult to 
predict) other factors influence significantly the risk of 
complications and death during an episode of FN. Among 
these factors, age (> 65 years) plays a critical role[10]. As 
shown recently, adverse events (including neutropenia) 
were more frequent in elderly patients[11]; the importance 
of prevention of severe neutropenia in elderly patients 
cannot be overemphasized.

Besides age and the other predisposing factors to 
complications and death, various comorbidities such 
as the stage of the neoplastic disease, poor nutrition, 
diabetes, chronic pulmonary disease, renal function 
impairment, and many others increase the morbidity and 
mortality of FN. Although the precise evaluation of the 
risk of FN associated with these various comorbidities, is 
not always easy to define, it is clear that it significantly 
increases with the number of comorbidities that are 
present in a patient[8,12].

Before finishing this introductory review of the past 
and present of FN, it is important to stress two important 
consequences of the development of FN in a patient. 
The first is the possible impact of FN on the following 
courses of CT as in some patients the dose of CT may be 
reduced or its timing modified, with possible reduction of 
the dose intensity, jeopardizing the efficacy of anticancer 
treatment; this might be particularly detrimental for 
patients treated with curative intent or in the adjuvant or 
neoadjuvant setting.

The second aspect to be stressed is that the cost of 
FN is substantial; it is estimated to be in the range of 
$16000 for each episode, with those episodes associated 
with complications or death being the most expensive[13]. 
Although these cost figures vary from country to country 
and from institution to institution, it is generally con-
sidered that they are underestimated, especially if all the 
expenses, including namely the social costs, are taken 
into account.

RISK PREDICTION FOR COMPLICATIONS 
AND DEATH
Past achievements
FN is a limiting factor for CT administration and requires 

prompt initiation of antimicrobial treatment. It is a pos-
sibly lethal complication with a mortality rate as high 
as 10% and associated costs are important especially 
if patients need to be hospitalized[14]. On the other 
hand, FN has long been recognized as a heterogeneous 
syndrome in terms of type and site of infection, further 
neutropenia duration, etc. Some patients at high risk 
may therefore be undertreated at the time of initiation 
of empiric treatment and some patients may be over-
treated. Risk prediction is therefore an important issue 
with therapeutic implications: If correctly identified, low-
risk patients may benefit from simplified therapy (oral 
therapy, outpatient treatment) and high-risk patients 
might benefit from more aggressive initial antimicrobial 
therapy and/or from early intensive care. 

At least, two approaches can be considered to pre-
dict risk: One is to make use of clinical criteria defined 
alone without assessment of the possible interactions 
between them, the other is to integrate independent risk 
factors to produce a model predicting risk. Risk models 
have the following advantages: They only make use of 
the non-redundant information, they should produce 
objective and reproducible prediction, they have known 
characteristics. They however have drawbacks: They 
need to be validated, updated and tested in different 
settings. Nevertheless, we will focus our report on risk 
models only and for populations of adult patients.

When risk models are to be developed, an outcome 
has first to be defined: It might be development of bac-
teremia, development of invasive bacterial infection, 
response to empiric treatment, serious medical complica-
tion, death or death due to infection. This last endpoint 
is likely the most relevant one but due to its low fre-
quency, developing a model for its occurrence is highly 
challenging due to sample size issues. The validated 
models have made use of a composite endpoint: Occur-
rence of a serious medical complication and/or death. 
Secondly, the clinical use for the model needs to be defined 
in order to optimize the model for the chosen goal.

Models developed to predict low-risk of serious medical 
complications and/or death
There are essentially two models that have been vali-
dated.

Talcott’s model: The first one was developed and 
validated by Talcott et al[15]: It was derived, using clinical 
judgment, on a series of 261 febrile neutropenic episodes 
and firstly validated on a series of 444 episodes. Unfortu-
nately, that model, although being reliable for predicting 
FN patients at low risk of complications (with an excellent 
positive predictive value but lacking from sensitivity), was 
not effective[16], as 9 patients out of 30 (30%) needed 
readmission. After that pilot study, a randomized clinical 
trial was initiated comparing management of patients 
with FN in-hospital or with early discharge. Planned 
sample size was 448 patients for showing an increase 
from 4% to 10% of the complication rate although an 
equivalence design (or a non-inferiority of the experi-

Complications (%) Mortality (%)

Hemopathies Solid tumors Hemopathies Solid tumors
No bacteremia 17 11 4   3
Bacteremia 30 35 9 13

Table 1  Complications and death rates in patients with febrile 
neutropenia

Adapted from Klastersky et al[10].

Klastersky J et al . Febrile neutropenia in cancer patients
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mental arm) would have been more convincing. The 
trial was closed for poor accrual after recruitment of 113 
patients (66 in the in-hospital arm and 47 in the arm 
with early discharge). Complication rates were 9% vs 8%. 
Surprisingly, there was no evidence for improvement of 
patients’ quality of life (QoL) in the experimental arm but 
costs were reduced with the home arm[17].

Multinational Association for Supportive Care 
in Cancer model: The Multinational Association for 
Supportive Care in Cancer (MASCC) risk-index score has 
been developed (Table 2) and its clinical prediction rule 
for identification of low-risk patients was first validated 
in the primary publication[18]. The event “occurrence of a 
serious medical complication” was precisely defined in the 
study protocol and can be found in[18]. The MASCC score 
has been, since 2002, accepted as a standard technique 
to predict low-risk of complications in patients with FN 
by the European Society of Medical Oncology[19] and 
by Infectious Diseases Society of America (IDSA)[20,21]. 
Indeed, several validation studies[22-28] were published 
and already tabulated in a review published in supportive 
care in cancer (Table 3)[29]. From this review, it should 
be stressed that the performance of the MASCC model 
decreases when haematological patients are present in 
the patients populations. The positive predictive value 
is > 90% when the score is used for patients with solid 
tumor but may decrease to 83% when haematological 
patients are eligible. 

The MASCC model represents an improvement over 
the Talcott’s classification[18]. The selected factors appear 
to be more specifically associated with the clinical seve-
rity of the FN episode rather than with the underlying 
cancer. A weakness of the model is that it includes a 
subjective assessment, burden of illness but all the 
attempts to substitute it with more objective factors 
failed. Hematological malignancy was not included in 
the final model. Neutropenia duration certainly plays a 
role too but cannot be reliably assessed at the onset of 
the febrile episode. The MASCC score is however not 
perfect, especially in patients with hematological patients. 
However, up to now, attempts to improve it did not lead 
to the development of validated models ready to use in 
clinical practice[30-32].

The use of the MASCC model to guide the mana-
gement of a febrile neutropenic episode has been 
studied and includes the choice of the empiric regimen 
(intravenous, oral, monotherapy or combination) or the 
setting of treatment (in-hospital, in-hospital with early 
discharge or ambulatory) according to risk[33]. For instance, 
oral therapy has been shown to be safe in patients 
predicted at low-risk by the MASCC score[24,25,34-37] as well 
as a management including early discharge, expected 
to improve patients QoL, to reduce risk of nosocomial 
infections and costs, individual[24,38] studies as well as 
in meta-analyses[39,40]. Even, in hematological patients, 
outpatient treatment seems to be possible in patients 
who are clinically stable and defervesced[23]. It should be 
stressed however that low-risk prediction is not the only 
criterion for suitability for oral and/or ambulatory therapy 
as other factors need to be considered (like social factors 
and acceptance of home therapy by patients and their 
physicians).

Models developed to predict low-risk of serious medical 
complications and/or death
MASCC model: The MASCC model was developed 
to predict a low risk of serious complications and the 
threshold of 21 was chosen to optimize sensitivity for a 
targeted positive predictive value. However, the value of 
the score estimates the probability of complications and 
other thresholds could be considered when prediction 
of high-risk is the goal as the threshold of 21 is clearly 
associated to a too low sensitivity. Combining the data 
from 2 observational studies[41], overall complications 
rate was 79% and mortality rate was 36% in patients 
with a score < 15. However, no clinical prediction rule for 
predicting high-risk was proposed. Blot and Nitenberg[42] 
suggested to improve the performance of the MASCC 
score for high-risk prediction by repeating calculation 
of the severity score and by including number of organ 
dysfunction but they didn’t propose any practical model. 
Some laboratory parameters have been suggested 
to be associated with poor outcome in patients with 
FN as thrombocytopenia and increased CRP[43], serum 
lactate[44,45], electrolytes abnormalities[46].

CISNE score: A Spanish team worked on the prediction 
of serious complications for patients with FN. In a first 
study, designed as a case-control study[28], they reviewed 
retrospectively 861 episodes of FN and matched patients 
who developed complications to patients who did not 
(3 controls for 1 case): They suggested that ECOG per-
formance status ≥ 2, chronic obstructive pulmonary 
disease, chronic heart failure, stomatitis grade ≥ 2, 
monocyte count and stress hyperglycemia are factors 
associated to complications. From a subsequent data set 
of 1133 patients with FN and clinically stable 3 h after FN 
diagnosis, they derived, using logistic regression analysis, 
and validated a score predicting complications, ranging 
from 0 to 8 (Table 4)[47]. They defined low (score of 0) 
and intermediate risk (score of 1 or 2) vs high-risk (score 
> 2). The characteristics of CISNE score and MASCC 

Characteristic Weight

Burden of illness: No or mild symptoms 5
No hypotension 5
No chronic obstructive pulmonary disease 4
Solid tumor or no previous fungal infection 4
No dehydration 3
Burden of illness: Moderate symptoms 3
Outpatient status 3
Age < 60 yr 2

Table 2  Multinational Association for Supportive Care in 
Cancer scoring system

Points attributed to the variable “burden of illness” are not cumulative. 
The maximum theoretical score is therefore 26.

Klastersky J et al . Febrile neutropenia in cancer patients



41 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

score (at the threshold of 21 chosen however to predict 
low-risk) for predicting high-risk are shown in Table 5. 
Although the overall misclassification rate is lower for 
MASCC than for CISNE, sensitivity for predicting high-
risk is much better for CISNE score as well as negative 
predictive value. Positive predictive value is poor for 
both systems. The authors acknowledged the fact that 
a threshold of 21 for MASCC was not intended to predict 
high-risk but stated that CISNE score remains more 
performant at other thresholds than the MASCC score. 

Perspectives
Many achievements were reached for predicting low-
risk for FN and allowed to successfully adapt therapeutic 
strategy. There is however place for improvement, 
especially for increasing the positive predictive value 
overall and certainly for patients with hematological 
malignancies. Further research may include further inves-
tigation of laboratory parameters, investigation genetic 
predisposition for infection development or monitoring of 
intermediate-risk patients with early repeated measure-
ments of risk scores of whom we don’t know the value. 
The situation is more challenging for identifying patients 
at high-risk. The CISNE score was only very recently 
proposed and its usefulness for improving patients 
outcome remains to be demonstrated. Clinical trials 
should be conducted to assess the value of “aggressive” 
empiric therapy or the use of early intensive care. Due 
to the relative low frequency of complications, further 
achievements in this area will be possible only thanks to 

large international collaboration studies that should be 
strongly encouraged.

PREVENTION OF FN 
As has been stated in the introduction, FN is associated 
with serious medical complications; moreover, it can 
jeopardize the effectiveness of CT and represents signi-
ficant extra-cost. Although, the incidence of FN and the 
frequency of associated complications have decreased 
significantly over the last 50 years, FN remains a major 
medical problem in patients receiving CT, especially 
in view of the large numbers of patients receiving CT 
today all over the world. It is estimated that 10% of 
these patients will develop FN and that 10% of them 
will die as a result of it; which means that eventually 
1% of the patients receiving CT die as a consequence 
of neutropenia, a figure which is appalling for patients 
treated with a curative intent or in the adjuvant or neoa-
djuvant setting[1].

The first attempts to prevent FN in CT-treated 
patients has been done with antimicrobials (first non-
absorbable antibiotics and later, co-trimoxazole) with 
some success, but also with the observation of the emer-

Ref. N episodes Patients with hema-tological 
malignancy (%)

Predicted at low-risk (%) Se (%) Sp (%) PPV (%) NPV (%)

Klastersky et al[24], 2006 1003   55 72 79 56 88 40
Stratum of hematological tumors   549 100 70 77 51 84 40
Stratum of solid tumor patients   454     0 74 81 64 93 38
Uys et al[22], 2004     80   30 73 95 95 98 86
Cherif et al[23],  2006   279 100 38 59 87 85 64
Klastersky et al[24], 2006   611   43 72 78 54 88 36
Innes et al[25], 2008   100     6 90 92 40 97 20
Baskaran et al[26], 2008   116 100 71 93 67 83 85
Hui et al[27], 2011   227   20 70 81 60 86 52
Carmona-Bayonas et al[28], 20111   169     0 ? 94 36 NA NA

Table 3  Validation studies of Multinational Association for Supportive Care in Cancer score for predicting low-risk

1Selected patients population (“apparently” stable patients). The characteristics were calculated for a test aiming to identify low-risk patients and may 
then differ from the original publications. Due to the case-control design of the study, the rate of patients predicted at low risk as well as the negative and 
positive predictive values are meaningless. Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value.

CISNE MASCC

Predicting high risk, complications   118     53
Predicting low risk, no complications   747   853
Predicting high risk, no complications   234   128
Predicting low risk, complications     34     99

1133 1133
Se           0.78           0.35
Sp           0.76           0.87
PPV           0.34           0.29
NPV           0.96           0.90
Miscl rate           0.24           0.20

Table 5  Characteristics of CISNE score and Multinational 
Association for Supportive Care in Cancer score for predicting 
high-risk

High-risk of prediction: CISNE > 2, MASCC < 21. Se: Sensitivity; Sp: 
Specificity; PPV: Positive predictive value; NPV: Negative predictive 
value; MASCC: Multinational Association for Supportive Care in Cancer.

Klastersky J et al . Febrile neutropenia in cancer patients

Characteristic Weight

ECOG performance status ≥ 2 2
Stress induced hyperglycemia 2
Chronic obstructive pulmonary disease 1
Chronic cardiovascular disease 1
Mucositis NCI grade ≥ 2 1
Monocytes < 200/µL 1

Table 4  CISNE score

ECOG: Electrocorticogram; NCI: National cancer institute.
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gence of resistant strains that limited soon or later the 
efficacy of that approach[2,3].

Recently, fluoroquinolones have been broadly used 
for that prophylaxis. Once again, most studies showed 
that fluoroquinolones reduced the incidence of infection 
and the infection-related mortality in neutropenic patients 
but at the expense of emergence of quinolone-resistant 
strains[4]. This should at the end make the prophylaxis 
useless; moreover, these strains jeopardize the use of 
fluoroquinolones as a therapy of FN, in low risk patients, 
as will be discussed elsewhere. For all those reasons, the 
use of antimicrobials, including fluoroquinolones, should 
be discouraged. Guidelines from American Society for 
Clinical Oncology limit the use of antibacterial prophyl-
axis to patients at high risk for FN; others recommend 
avoidance of such practices for the prevention of FN[5].

The use of granulocyte-colony stimulating factors 
(G-CSF)[1]; this approach is highly effective, without 
virtually any short-term side effects; on the other hand, 
more problematic is the cost of such a prophylaxis and 
this is clearly a limiting factor for a large scale use today. 
Two pivotal studies have established the effectiveness 
of primary prophylaxis with either filgrastim[6] or pegfil-
grastim[1]. Pegfilgrastim differs from filgrastim by its 
prolonged time of action, as the polyethylene glycol 
tail added to the filgrastim molecule, prevents it from 
being excreted through the kidneys; the elimination of 
pegfilgrastim depends only on its inactivation by the 
rising numbers of neutrophils. Therefore, pegfilgrastim 
can be administered as a single injection after CT, whereas 
filgrastim requires daily injections and periodic granulo-
cyte level monitoring until neutrophil recovery (usually 
7 to 10 doses). This makes pegfilgrastim use easier for 
the patient and the physician, but an injection of peg-
filgrastim costs at least twice as much as a full course (10 
administrations) of filgrastim.

Several meta-analyses have confirmed the efficacy 
of G-CSF for the prevention of FN in CT-treated patients, 
and have shown that mortality associated with FN could 
be reduced[8,9].

Is pegfilgrastim more effective than filgrastim in pre-
venting FN? A recent meta-analysis suggests that it might 
be the case[10]. However, outside clinical trials, it appears 
that in the community oncology practice, despite that 
filgrastim is often given later and for shorter times than 
officially recommended, no major differences are seen 
between the efficacy of pegfilgrastim and filgrastim[11,12].

The current recommendations, namely those pro-
posed by European Organization for Research and 
Therapy of Cancer (EORTC)[13] state that patients with 
a > 20% risk of developing FN should receive G-CSF 
primary prophylaxis and those with a risk < 10% should 
not. Patients with an intermediary risk (10%-20%) 
should be evaluated for further risk factors, such as age 
> 65 years, advanced disease and various comorbidities 
(as discussed previously in the introductory section); if 
present, those factors should lead to a more liberal use 
of G-CSF in that group of patients. The general use of 
algorithm in the use of G-CSF in neutropenic patients for 

primary prophylaxis of FN is indicated in Figure 1.
The official recommendation to pay attention to 

age and other comorbidities for deciding to use G-CSF 
a risk of FN < 20% is an important step towards a 
better protection of more patients against the adverse 
consequences of FN. Actually, most of the patients 
receiving CT today have a < 20% risk of developing FN, 
as indicated in Figure 2; applying strictly the initial rule 
allowing primary prophylaxis with G-CSF only in patients 
with a risk > 20%, would have without protection a 
substantial number of patients[48]. The introduction of 
criteria such as age and comorbidities in patients with an 
intermediary risk, allows to extend the potential benefit 
of primary prophylaxis to more patients.

A further issue might be the optimal management of 
patients with a risk < 10%. It has been shown that the 
efficacy of primary prophylaxis is actually better in patients 
with a lower risk of developing FN when compared to 
those with a higher risk[8]. In that context, and in a re-
trospective analysis, it has been found that a reduced 
dose of filgrastim (300 µg on day 8 and 12), after a CT 
carrying a 7% risk of FN in patients with breast cancer, 
was similarly effective as a full course of filgrastim[49]. Of 
course, these stimulating observations need confirmatory 
prospective trials, to see whether it might be appropriate 
to propose primary prophylaxis with reduced doses, 
especially if there are other risk factors (e.g., age and 
comorbidities) or if CT is given with a curative intent or in 
an adjuvant or neo-adjuvant context[50]. In that context, 
it should be stressed that, under “real life” conditions, 
there is wide variation in the patterns of G-CSF utiliza-
tion by practicing oncologists. A recent study indicates 
that despite guidelines, the use of G-CSF has not been 
consistent. Wide variations in overuse, underuse and 
misuse are very common, which means possibly that 
physicians might perceive the usefulness of administering 
G-CSF, even if the guidelines are not strictly followed; 
alternatively, it might mean that present guidelines do 
not always fit clinical practice[51].

Cost is the main problem for a possible extension 
of the use G-CSF for primary prophylaxis of FN[51]; it 
is difficult to accept, on ethical grounds, that the ad-
ministration of a potentially life-saving procedure is 
based merely on economic conditions. Moreover, the 
trade-off used in these early - but influential studies - 
is controversial, as it was based mainly on the cost for 
hospitalization for FN, which is definitely not the only 
aspect of the cost of an episode of FN. For all those 
reasons, the balance between the cost and the benefits 
of primary prophylaxis with G-CSF of FN needs to be 
reevaluated[50,52].

A potential solution to the limiting effect of cost on 
the more liberal use of G-CSF might come from the 
introduction of biosimilars to filgrastim or pegfilgrastim[53]. 
Several of such preparations have been approved in 
Europe and are proposed at lower prices than the original 
products. Thus, a combination of modified schedule of 
administration, tailoring the dose to the clinical needs, 
and a price reduction might make G-CSF prophylaxis for 
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FN available to more patients. Once again, it should be 
emphasized that new paradigms need to be based on 
adequately conducted clinical trials.

EMPIRIC THERAPY ACCORDING TO RISK 
The elements of the management of FN have been a 
matter of intense research, improvement and refinement 
over the years (Table 6).

In the late 80’s, there was a general perception 
that all neutropenic patients do not have the same risk 

of developing life-threatening complications. Not all 
neutropenic patients need hospitalization and intrave-
nous antibiotics until resolution. Talcott et al[54] reported 
the first work that tried to assess the risk of adverse 
outcome during a neutropenia. However, the Talcott’s 
criteria lack sensitivity (30%) and in the early 2000’s, the 
MASCC developed an index scoring system that allows 
the selection of low-risk patients with good sensitivity 
(80%) and specificity (71%)[18]. The MASCC index has 
been tested in several independent trials[22,23] and is the 
most widely used in adult population. Thus progressively, 
a risk-adapted strategy for the management of FN was 
implemented.

Empiric treatment of low-risk patients 
The major objective of identifying low-risk patients is 
to develop a strategy of management that decreases 
the costs, improves the QoL while maintaining safety. 
Over the time, there was an evolution in the different 
strategies used as well as in the selection criteria of low-
risk patients. One of the first strategies consisted in 
early discharge to continue intravenous antibiotics on an 
outpatient basis and was tested successfully in two pilot 
trials[16,55] and in a randomized multicenter study including 
80 adults[56]. In the second one, ambulatory intravenous 
antibiotics were given from the onset of FN. Once-daily 
dosing regimens such as ceftriaxone alone or combined 
with aminoglycoside are the most practical. Using such a 
strategy, a German multicenter study reported a hospital 
readmission rate of 24% for persisting fever or clinical 
deterioration[57].

The third one, a step-down strategy from inpati-
ent intravenous antibiotics to oral antibiotics with early 
discharge has the advantage of allowing a period of 
observation and assessment of microbiology results which 
is critical for safety. The oral antibiotic therapy selected was 

Assess frequency of FN associated with the planned chemotherapy regimen

FN risk ≥ 20% FN risk 10%-20% FN risk < 10%

Assess factors that increase the frequency/risk of FN

Age > 65 years

Other comorbidities

Define the patient’s overall FN risk for planned 
chemotherapy regimen

Overall FN risk ≥ 20% Overall FN risk < 20%

Prophylactic G-CSF recommended G-CSF prophylaxis not indicated

Reassess at 
each cycle

Figure 1  Algorithm to decide primary prophylactic granulocyte colony-stimulating factor usage. Adapted from European Organization for Research and 
Treatment of Cancer Guidelines. Data taken from[13]. FN: Febrile neutropenia; G-CSF: Granulocyte colony-stimulating factor.
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a combination of ciprofloxacin and amoxicillin/clavulanate 
and was used successfully in two non-randomized trials 
including low risk patients with hematological malig-
nancies[23,58]. Finally, giving oral antibiotics from the onset 
of FN to low-risk patients, with early discharge, is probably 
the strategy that best meets the objectives of reducing 
costs and improving QoL[59]. Because of their high oral 
bioavailability, good tolerance and bactericidal activity 
particularly against GNB[60], fluoroquinolones either alone 
or in combination with anti-Gram-positive agents such as 
clindamycin[61] or amoxicillin/clavulanate[62], have been 
the mainstay oral therapy. A first step was to establish 
the safety of an oral regimen given from onset of FN. This 
has been accomplished through the achievement of two 
randomized trials comparing ciprofloxacin plus amoxycillin/
clavulanate with either ceftazidime[63] or ceftriaxone plus 
amikacin[64], in an inpatient setting. More recently, once 
daily oral moxifloxacin 400 mg monotherapy has been 
shown to be equivalent to the standard[38]. Concern has 
been raised about the limited activity of moxifloxacin 
against Pseudomonas aeruginosa (P. aeruginosa). However, 
the frequency of this organism in the population of solid 
tumors or lymphoma at low risk FN is very uncommon and 
should be assessed locally. In this trial XV of the EORTC, 
59% of patients could be discharged early with only 
5% readmission rate for clinical deterioration and other 
medical complications.

Several studies have assessed the role of oral anti-
biotics given from onset of FN with immediate discharge 
without hospitalization for observation[60,65-68]. All excluded 
patients with acute leukemia and hematopoietic stem 
cell transplantation. Patients should be able to ingest and 
tolerate oral antibiotics with the first dose being tested 
at the emergency room. A close follow-up is undertaken 
with phone calls and a visit every other day until resolu-
tion. Figure 3 summarizes some of the elements that 
may help in the management of patients with FN at low 

risk.
Despite the increasing resistance of Gram-negative 

bacteria to fluoroquinolones over time, their efficacy in 
empiric oral therapy for low-risk patients does not seem 
to be affected. On one hand, the rate of failure because 
of fluoroquinolone resistance is not higher in the recent 
trials as compared to older ones and on the other hand, 
the incidence of GNB bacteremia is low. However, epide-
miological variations between institutions may exist and 
a careful monitoring is recommended.

Empiric treatment of high-risk patients with FN
Inpatient management with parenteral broad-spectrum 
antibiotics is the standard care of FN patients at high-
risk. A β-lactam agent active against GNB including P. 
aeruginosa remains the central core of empiric therapy. 
However, the increasing resistance of GNB over the 
years has made the β-lactam choice much more chall-
enging[69]. There are many geographical differences in 
the epidemiology of microbial resistance and it is more 
likely that the local epidemiology than any global data, 
for the selection of initial for empiric therapy[70]. Until the 
90’s, this choice was mainly influenced by one risk which 
was P. aeruginosa resistance to the different β-lactams.

Nowadays, this choice depends on too many risks. The 
risk of ESBL producing GNB especially K. pneumoniae 
and E. coli, risk of a MDR non-fermenter such as P. 
aeruginosa, Acinetobacter baumanii or S. maltophilia, 
risk of carbapenemase producing pathogen in addition 
to the risk of MRSA, VRE and anaerobes (see epidemio-
logical section). Any delay in the early adequate therapy 
is associated with an increased mortality[71,72]. Therefore, 
defining risk factors for MDR pathogens, in neutropenic 
patients, is determinant for empiric antibiotic selection 
and outcome. The risk factors for MDR pathogens identified 
include prior exposure to broad-spectrum antibiotics, the 
severity of underlying disease such as in acute myelocytic 
leukemia, and the presence of medical comorbidities, as 
well as the presence of urinary catheter[73]. However, 
these are quite common to allow a specific selection of 
the patients who ultimately develop an infection due to 
MDR pathogens. ESBL-GNB or VRE stool colonization was 
associated with subsequent bacteremia due to the same 
pathogen in a prospective study[74] in hematological 
malignancy patients, with a RR of 4.5 for ESBL-GNB 
(95%CI: 2.89-7.04) and a RR of 10.2 for VRE (95%CI: 
7.87-13.32).

Thus, surveillance cultures should be reassessed and 
validated prospectively for both infection control purposes 
and selection of β-lactam empiric therapy. Patients who 
are not at risk of ESBL-GNB infection will receive therapy 
with piperacillin/tazobactam or cefepime or ceftazidime, 
while patients at risk of ESBL-GNB, will receive upfront a 
carbapenem[74]. Anti-anaerobic coverage is indicated for 
necrotizing gingivitis, typhlitis and peri-anal abscess[19,75]; 
piperacillin/tazobactam and carbapenems are, however, 
active against the majority of anaerobe[76]. In case of 
allergy to penicillin, aztreonam combined with a glyco-
peptide is an acceptable alternative.

60’s High mortality (> 90%) in FN with gram-negative bacilli 
bacteremia

Establishing the concept of empiric antibiotic therapy
70’s Anti-pseudomonal penicillins plus aminoglycoside combination 

as empiric therapy of choice
Oral non resorbable antimicrobials (aminoglycosides, 

glycopeptides, polymyxines, colimycin, in different combinations 
with nystatin), for intestinal flora suppression

80’s Establishing empirical antifungal therapy
Oral trimethoprim-sulfamethoxazole (or nalidixic acid and 

fluoroquinoles for prophylaxis in HM
Assessment of risk factors predicting complications: Talcott’s 

criteria
90’s Monotherapy supplanted combination

Ambulatory management first with IV antibiotics (ceftriaxone + 
aminoglycoside) and then with oral fluoroquinolones

2000’s Refinement of risk assessment: MASCC score
Risk-adapted therapy

Table 6  Major elements of the management of febrile 
neutropenia over time

FN: Febrile neutropenia; HM: Hematologic malignancies; MASCC: 
Multinational Association for Supportive Care in Cancer.
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A combination therapy with an aminoglycoside has 
no advantage and is more toxic than monotherapy[77,78]. 
However, for the subgroup of patients with signs of sepsis or 
septic shock, the mortality is unacceptably high, especially 
when empiric therapy proves to be inadequate[79]. In such 
conditions, a combination with an aminoglycoside for a 
limited duration up to 3 d, seems reasonable[80,81].

In institutions where MDR non-fermenters such as P. 
aeruginosa or Acinetobacter baumanii or carbapenemase-
producers enterobacteriae are endemic, combination 
with colistin has been advocated[82]. Empiric addition of 
a glycopeptide didn’t show benefit in reducing treatment 
failure, in gram-positive infections[83]. However, addition 
of empiric glycopeptide under certain circumstances, is 
indicated such as in patients already colonized by MRSA, 
if MRSA is endemic in the institution, in the presence 
of folliculitis, furonculosis or catheter-related cellulitis 
and if viridans group Streptococci penicillin-resistance is 
prevalent[75].

In allogeneic hematopoietic stem cell transplant 
patients (HSCT) colonization by vancomycin-resistant 
enterococci (VRE) and T-cell depletion are important risk 
factors for VRE bacteremia[84]. In such patients, early 
empiric combination with linezolid or high-dose dapto-
mycin (> 6 mg/kg per day) is justified[85,86]. Figure 4 
provides indications for the selection of empiric therapy in 
high-risk patients with GN.

EMERGENCE OF RESISTANT STRAINS
The discovery and clinical use of antibiotics was officially 
initiated in 1936 with sulfonamides and followed in the 

1940s with penicillin and streptomycin; a whole new era 
of anti-infective drugs was inaugurated with successful 
treatment of previous lethal diseases. The dream started 
fraying when the first resistant strains against sulfona-
mides[87], penicillin[88-90] and streptomycin appeared[90]. 

The exhilaration accompanying the modern antibiotics 
was over by the early 2000s; antimicrobial resistance 
emerged as part of the adaptive mechanisms deployed by 
micro-organisms (bacteria, fungi, viruses and parasites) 
in order to survive in a stressful environment (inside and 
outside the hospital). Bacteria developed successful 
resistance strategies through the last 6 decades. On 
the other hand, microbiologists and clinicians faced the 
ESKAPE concept: Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumonia, Acinetobacter baumanii, 
Pseudomonas aeruginosa, Enterobacteriaceae[91] and 
new comers such as Mycobacterium tuberculosis, HIV, 
Aspergillus sp. and malaria; very few antimicrobials were 
active against these bugs and the new drugs were even 
less designed, developed or available for human use.

In the narrow field of FN, complicating aggressive 
CT regimens, prophylaxis by oral antibiotics[92], broad-
spectrum early antibiotherapy[75] and optimal supportive 
treatment[13] are well-established attitudes in order to 
decrease mortality and morbidity due to FN. These atti-
tudes have to be revised and adapted in order to face 
the ESKAPE bugs and to continue to use antimicrobials 
to treat severe infections jeopardizing the prognosis of 
potentially curable malignant diseases.

The resistance related to antibiotics is a natural 
phenomenon associated to the evolution of bacterial 
life and the genes of resistance are frequently issued 

Febrile neutropenia
   Low risk
   Solid tumor
   Lymphoma

Absence of N,V,D
No previous 

fluoroquinolone 
prophylaxis

Presence of N,V,D

P. aeruginosa P. aeruginosa

Endemic Not endemic Not endemic Endemic

Oral ciprofloxacin 500 mg tid 
+

Amoxycillin/clavulanate 1 g tid

Oral moxifloxacin 
400 mg/d

Ceftriaxone IV 2 g once 
daily

Ceftriaxone IV 2 g once daily 
+ 

Amikacin 20 mg/kg once daily

First dose given at hospital First dose at hospital

If tolerated can be discharged with close follow-up If tolerated can be discharged with close follow-up

Figure 3  Decision tree for the administration of antibiotic therapy to low-risk patients with febrile nerutropenia. N: Nausea; V: Vomiting; D: Diarrhea; P. 
aeruginosa: Pseudomonas aeruginosa.
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from essential genes. Evidence exists that these genes 
pre-existed the era of antibiotics and they probably 
developed in antibiotic producing bacteria[93,94]. Bacteria, 
especially those of commensal and environmental flora 
use the mechanisms of resistance in order to survive in 
nature[95,96]. Antibiotics create a strong selective pressure 
on bacteria and create favorable conditions for the 
development of resistance; resistance to antibiotics is 
the final product of a complex process including multiple 
genetic maneuvers.

These genetic maneuvers include 3 levels. The first 
level is the point mutations (micro-evolutionary change) 
that occur in in a nucleotide base pair; the point mutations 
will create alterations in enzyme substrate specificity 
or the target site of an antibiotic, interfering with its 
activity. The second level of genomic variability (macro-
evolutionary change) in bacteria results in massive modi-
fications (inversions, duplications, insertions, deletions, 
or transpositions) of large portions of DNA as a single 
event. Specialized genetic elements called integrons, 
transposons, or insertion sequences generate these 
massive rearrangements independently from the rest of 
bacterial genome[95]. The third level of genetic variability 
is due to the acquisition of foreign DNA carried by plas-
mids, bacteriophages, isolated sequences of DNA and 
transposable genetic elements from other bacteria. 
The further inheritance of foreign DNA will contribute to 
enhance genetic variability of bacteria and increase their 
capacity to respond to selection pressures such as the 
use of antimicrobials[93].

Bacteria develop antibiotic resistance through (at 
least) eight different mechanisms: Enzymatic alteration 
(β-lactamases, extended-spectrum β-lactamases, car-
bapenemases), decreased permeability (outer/inner 
membrane permeability), efflux, alteration of the target 
site, protection of the target sight, overproduction of the 
target, bypass of the inhibited process and bind-up of 
the antibiotic. All classes of antibiotics may be affected 

via different mechanisms. The use of old (polymyxins, 
metronidazole) and new (linezolid, tigecycline) antibiotics 
when antibacterial resistance became important led to 
the apparition of resistant strains against these drugs, via 
the same mechanisms deployed against traditional anti-
biotics. Additionally to these mechanisms, bacteria may 
associate different mechanisms of antibiotic resistance 
resulting to MDR (multiple drug resistance)/Pan-resistance 
strains. In 2005, Deplano et al[97] described a Belgian 
out-break of Pan-resistant Pseudomonas aeruginosa 
(89% of the isolates belonged to serotype O:11). The 
Pan-resistance was due to the overexpression of AmpC 
chromosomal β-lactamases conferring resistance to 
multiple β-lactam antibiotics associated to the mutational 
loss of OrpD porin, conferring resistance to imipenem 
and the upregulation of the MexXY efflux system which 
exports fluoroquinolones, tetracycline, aminoglycosides 
and antipseudomonal β-lactam molecules[97]. Metho-
dical transfer of multiple-resistance elements located on 
mobile genetic elements (transposons, plasmids) can help 
bacteria to acquire MDR/Pan-resistance[98,99]. The capacity 
of bacteria to seize numerous antibiotic resistance genes 
is illustrated by resistance integrons, which can insert 
resistance gene cassettes into their attΙ integration site 
and are often found on transposons carried on plasmids, 
with obviously endless recombinant capacity[100].

Moving in the inner circle of the ESKAPE bugs and 
their impact on the management of FN is strewn with 
pitfalls. Understanding the various mechanisms leading 
to resistance and being acquainted with the established 
epidemiological profiles will permit the quick and right 
choice of (empirical) antibiotic treatment in the advent 
of fever during neutropenia.

The Enterococcus faecium is actual the most impor-
tant pathogen (among the Enterococcus sp.) in hospital 
acquired infections, followed by the Enterococcus faecalis. 
Enterococci are less virulent than other Gram-positive 
cocci and usually occur in the context of polymicrobial 

Febrile neutropenia
   High risk
   Acute leukemia
   HSCT

No risk of 
resistant 
ESKAPE

Risk of ESBL 
producer

Risk of 
carbapenemase 

producer
Risk of MRSA Risk of VRE

Risk of 
anaerobes

Pip/tazo IV 
or 

cefepime IV
Carbapenem IV

Carbapenem 
+

colistin 
+ 

tigecycline

β-lactam
+ 

glycopeptide

β-lactam
+

daptomycin 
or 

linezolid

+ Metronidazole 
if β-lactam is a 

cephalosporin or 
monobactam

Figure 4  Decision tree for administration of antibiotics to high-risk patients with febrile neutropenia. ESKAPE: E. coli, S. aureus, Klebsiella sp. Acinetobacter 
sp, P. aeruginosa, Enterococcus sp; ESBL: Extended-spectrum β-lactamase; MRSA: Methicillin-resistant S. aureus; VRE: Vancomycin-resistant enterococci; HSCT: 
Hematopoietic stem cell transplant patients; P. aeruginosa: Pseudomonas aeruginosa.
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infection in debilitated patients. The acquisition of 
resistance (to multiple antibiotics including vancomycin; 
VRE) allowed the emergence of superinfections in 
immunocompromised patients[101]. Acute outbreaks are 
usually monoclonal[101] and the hands of health workers 
spread Enterococci among patients. Patients may be 
colonized with E. faecium on the gastrointestinal tract 
and thus serve as a reservoir; adequate identification 
and management of these patients are the only way to 
prevent transmission to other patients and subsequent 
outbreaks[102]. Resistant strains to vancomycin (and to 
teicoplanin) appear when the production of peptidoglycan 
precursors is modified and therefor present a weak affinity 
for glycopeptides; Van A and VaB are the most frequent 
phenotypes associated to glycopeptide resistance[103]. 
Admission to intensive care and length of hospitalization, 
prior use of broad spectrum antibiotics, severity of illness 
and exposure to other patients colonized with VRE are 
well known factors for developing colonization/infection 
to VRE. Linezolid and daptomycin constitute the main 
therapeutic issues, but controlled trials lack actually[104].

The Staphylococcus aureus is well-known to be re-
sistant to natural penicillins since the mid 40’s; resistance 
to methicillin (a penicillinase-resistant penicillin) was first 
described in the mid 60’s while the resistance to vanco-
mycin was first reported in the mid-90’s (Figure 1). The 
mec A gene, as part of the mobile genetic element named 
staphylococcal cassette chromosome is responsible for 
the synthesis of the penicillin-binding protein, PBP2a, 
located in the bacterial membrane and being able to 
catalyze the transpeptidation reactions of peptidoglycan 
during cell wall construction; it’s an inducible protein 
and under the effect of regulatory genes implicated to 
its transcription (mec R1, mecΙ, blaZ, BlaR1 and BlaΙ), 
resistance towards β-lactams is observed[105,106]. The 
β-lactamases genes (blaZ, BlaR1 and Bla) can produce 
hydrolyzing enzymes targeting the β-lactam ring[106]. 
Broad use of vancomycin provoked the emergence of 
intermediate (VISA)/resistant (VRSA) strains[107,108]. 
The mechanism of resistance in VISA is related to a 
thickening of the wall cell containing dipeptides that 
trap vancomycin and thus decrease the amount of drug 
directed against intracellular targets[109]. The mechanism 
of resistance in VRSA is related to a plasmid transfer 
containing the vanA gene from Enterococci to Staphy
lococcus aureus[110]. While precise guidelines about treat-
ment of MRSA infections exist[111], treatment against 
VISA/VRSA is mainly based on experimental trials using 
daptomycin, quinupristin-dalfopristin and linezolid[112,113].

The Klebsiella pneumonia and the Enterobacteriaceae 
represent the major providers of extended-spectrum 
β-lactamases (ESBLs) and carbapenemases. ESBLs 
include enzymes that have derived from narrow spectrum 
β-lactamases (TEM-1, TEM-2, SHV-1) or from chromo-
somally encoded β-lactamases produced by Kluyvera sp. 
(CTX-M type ESBLs)[114]. The broad use of carbapenems 
for serious infections due to ESBLs-producing bacteria 
selected the carbapenemases (mainly OXA-48, KPC, 
VIM, NDM); these plasmid-acquired enzymes hydrolyze 

most β-lactams including cabapenems. Their spread all 
over the world is spectacular[115,116] and worry about the 
outcome of serious infections due to these germs is more 
than real as therapeutic armamentarium is reduced to 
colistin, aminoglycosides and tigecycline. The detection of 
carbapenemases should be triggered when the Entero
bacteriaceae have resistance or reduced susceptibility 
to carbapenems[117], while screening (stool, anal swabs) 
should be performed during outbreaks and endemic 
scenarios[116]. Mortality is mainly evaluated among blood-
stream infections: It may vary from 39% to 53% but 
remains unacceptably high[74,118,119]. Well-identified risk 
factors (in multivariate analysis models) are the age of 
patient, APACHE Ⅱ (Ⅲ) score at infection onset, inap-
propriate antimicrobial therapy, onset of bacteremia while 
in the intensive care unit and malignancy; combination 
of antibiotics were more efficient than monotherapy and 
the emergence of strains resistant to colistin is already 
described[74,118-120]. 

The Acinetobacter baumanii and the Pseudomonas 
aeruginosa are the most popular and the most implicated 
in serious infections within immunocompromised patients 
between non-fermentative Gram-negative bacilli. Broad-
spectrum empiric antibiotics always include coverage 
against Pseudomonas aeruginosa, in the setting of FN[75], 
while Acinetobacter baumanii is related to serious infec-
tions in the intensive care unit (ICU)[121]. Pseudomonas 
aeruginosa may acquire genes encoding a tremendous 
amount of β-Lactamases such as the OXA and PSE 
type β-Lactamases, KPC and the metallo-β-Lactamases. 
The metallo-β-Lactamases can induce resistance to all 
β-Lactam antibiotics (including carbapenems and ex-
cepting aztreonam) and the β-Lactamase inhibitors are 
inefficient; worst, the genes coding for theses enzymes 
may be linked to genes inducing resistance to other anti-
pseudomonas drugs[122]. Nonetheless the most common 
mechanism of resistance to carbapenems is the loss of 
an outer-membrane protein called OrpD, following a 
mutation[123]. Other mechanisms such as upregulation 
of efflux pumps, outer-membrane impermeability, enzy-
matic alterations of the antibiotics and the 16S ribosomal 
RNA methylation may lead resistance to all class of anti-
pseudomonas drugs including aminoglycosides[122-124]. 
The Acinetobacter baumanii infections occur more 
often in the ICU and the burn units and neutropenic 
patients seem to avoid reasonably this pathogen[69]. 
Besides intrinsic resistance (cephalosporinase: bla ADC, 
(OXA-69), Acinetobacter baumanii may acquire genes 
encoding different β-lactamases/carbapenemases; 
these enzymes are OXA-type β-lactamases (OXA-23) 
and metallo-β-lactamases (IMP, VIM, GIM, SPM)[125]. 
Fluoroquinolones are neutralized when point mutations 
in the in the quinolone resistance determining region 
of DNA gyrase gene occur[126] and upregulated efflux 
pumps may contribute to fluoroquinolone resistance. Ami-
noglycoside resistance results when enzymes capable 
of modyfing aminoglycosides are produced: Aph A6 
3’-aminoglycoside phosphotransferase type Ⅵ will inac-
tivate amikacin[126] and adenyltransferases (aadA1, 
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aadB) or acetyltranferases (aacC1, aacC2) will neutralize 
gentamycin and tobramycin[126,127]. Unfortunately, upre-
gulated efflux pumps of the AdeABC type induced resis-
tance to tigecycline[128].

Despite fascinating progress in treating serious bac-
terial diseases performed in the last century and since 
the discovery of penicillin, the emergence of resistant 
strains is the major threat in the 21st century. Frail patients 
undergoing sophisticated treatments (transplantations, 
CT, immunotherapy) for complex diseases such as cancer, 
autoimmune conditions are exposed to a supplementary 
risk of complications due to non-treatable bacterial in-
fections[129,130]. 

The economic impact of infections due to resistant 
bacteria is well-known: The length of hospitalization is 
longer, the hospital charges are higher and the mortality/
morbidity are increased[131,132]. The infection control team 
and the antimicrobial stewardship programs seem to 
be the most promising tools in fighting against resistant 
strains in the lack of new antibacterials; implementation 
of strategies preserving antibacterials may is the future 
in modern medicine if we don’t want to lose the progress 
achieved in the past decades. Management of FN needs 
to be carefully thought in the advent of these disturbing 
elements and close collaboration with specialized teams 
in controlling infectious diseases is the only way to bring 
through the ESKAPE pathogens[98]. 

PERSISTING FN
Definition
Persistent febrile neutropenia (PFN) is FN that does not 
resolve in spite of the empirical administration of broad-
spectrum antibacterial agents. It can concern 30%-40% of 
the patients presenting FN. The diagnosis of PFN requires 
at least 5 d of therapy in patients with haematological 
malignancy, including HSCT[133-135] but only 2 d in solid 
tumours[75,136], probably due to different immune response. 
Patients with haematological malignancies are usually 
more seriously ill, than patients with solid cancers[137].

Etiology of PFN 
The most frequent cause of fever in high risk neutropenic 
patients unresponsive to broad spectrum antimicrobials 
is fungal infection (45%), followed by bacterial, viral 
infections, toxoplasmosis, drugs, toxic effects of CT and 
antitumor response (Table 7)[137].

Diagnostic approach
PFN for more than 3 d should prompt a thorough search 
for a source of infection. PFN with neutropenia lasting 
more than 7 d in high-risk hematological patients should 
lead to an evaluation for invasive fungal infection with 
a chest CT scan looking after pulmonary nodules or 
nodular pulmonary infiltrates and early assessment with 
bronchoscopy, bronchoalveolar lavage with cultures/
stains, a sinus CT scan[75] and a regular Aspergillus galac-
tomannan antigen testing and/or β-D-glucan detection. 
Repeated imaging may be required in patients with 
persistent pyrexia.

Procalcitonin (PCT) monitoring can be useful, a delayed 
PCT peak higher than 500 mg/mL suggest the early 
diagnosis of invasive fungal disease and PCT decrease 
reflects response to antifungal therapy[138].

Diarrhea, if present, should be assessed by analyzing 
a stool sample for C. difficile toxin. An abdominal CT 
may be helpful for the diagnosis of neutropenic entero-
colitis[139]. Surveillance of IV catheters for possible skin 
bloodstream breakthrough infection is also indicated[75]. 

An evaluation for viral infections, by herpesviridae 
(Herpes, Varicella Zoster, HHV6, HHV8), Cytomegalovirus, 
Epstein Barr, but also respiratory virus, as guided by the 
local epidemiology (respiratory syncytial virus, influenza, 
parainfluenza) is recommended especially in high risk 
hematological patients. Eventually, exclusion of other 
non-infectious sources of recurrent or persistent fever like 
drugs, thrombophlebitis, cancer, resorption of hematoma 
is warranted[75].

Prospective trials are presently ongoing to evaluate 
the utility and cost-effectiveness of PET/CT in identifying 
sites of infection in cancer patients with PFN without an 
obvious source, in order to improve targeted therapy.

Therapeutic attitude
Modifications to the initial empirical antibiotic regimen 
should be guided[75] firstly by possible changes of the 
clinical stability, without a source of infection detected; 
in hemodynamically stable and asymptomatic patients, 
watchful waiting and re-evaluation for new possible 
infection is indicated, while in hemodynamically unstable 
patients, the antimicrobial regimen should be broadened 
to target drug-resistant bacteria. Delaying appropriate 
antibiotic therapy for such pathogens, is associated with 
increased mortality[140].

Unusual infections should be considered, particularly 
in the context of a rising C-reactive protein (CRP), in such 
cases proceeding to imaging of chest and abdomen is 
advisable. Sometimes the investigations may be directed 
by clinical findings[4,141]. 

Infectious causes Frequency

Fungal infections responding (40%)/resistant (5%) to 
empiric ATB 

45%

Bacterial Infections (cryptic foci, biofilm, resistant organism) 10%
Toxoplasma gondii, mycobacteria, legionella, mycoplasma, 
chl.pneumoniae 

  5%

Viral infections (HSV, CMV, EBV, HHV6, VZ, parainfluenza, 
RSV, influenza) 

  5%

Graft vs host disease in hematopoietic stem cell 
transplantation 

10%

Undefined (drug, toxic effects of chemotherapy, antitumor 
response, undefined pathogens) 

25%

Table 7  Possible causes of fever in high risk neutropenic 
patients unresponsive to broad spectrum antimicrobials[139]

HSV: Herpes simplex virus; CMV: Cytomegalovirus; EBV: Epstein-Barr 
virus; HHV6: Human herpesvirus 6; RSV: Respiratory syncytial virus. 
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Therapeutic approach for fungal infections
Empiric antifungal therapy should be considered in high-
risk neutropenic patients who PFN after four to seven 
days and without identified source for the fever[75]. 
The incidence of fungal infection (especially Candida or 
Aspergillus sp.) rises after patients have experienced 
more than 7 d of PFN. In 1970s, already several studies 
have shown that invasive fungal infections were a common 
cause of PFN (9%-37.5%)[142-146] and was associated with 
significant mortality (69%)[145]. 

The IDSA guidelines recommend lipid formulation 
of amphotericin B, caspofungin, voriconazole, or itraco-
nazole as suitable options for empiric antifungal therapy 
in PFN. The choice of the initial antifungal agent may vary 
based on epidemiology and local susceptibility patterns[133], 
toxicity and the cost of the antifungals.

Resolution of fever occurs in approximately 40%-50% 
of patients given empirical antifungal therapy[143,144,147,148], 
but such a successful outcome does not prove that the 
patient had indeed an occult fungal infection, since slow 
responses to empiric antibacterial therapy can occur.

Fluconazole can be given as first-line treatment 
provided that the patient is at low risk of invasive as-
pergillosis, has not received an azole antifungal as pro-
phylaxis and local epidemiological data suggest low rates 
of azole-resistant Candida[19].

Liposomal amphotericin B or an echinocandin anti-
fungal such as caspofungin are appropriate first-line 
treatments in high risk patients with PNF without an 
obvious site of infection and also in patients already ex-
posed to an azole or known to be colonized with non-
albicans Candida[19].

Addition of the newer antifungal agents active against 
possible azole-resistant Candida sp. Is also recom-
mended, if the patient has been already treated with 
fluconazole prophylaxis.

In patients with nodular pulmonary infiltrates, invasive 
mold infection should be strongly suspected and prompt 
assessment with bronchoscopy, bronchoalveolar lavage 
for cultures and galactomannan testing should be per-
formed; in those patients a preemptive treatment with 
voriconazole or a lipid formulation of amphotericin B is 
indicated. 

PFN receiving anti-mold prophylaxis should be treated 
with a different class of antifungal than the one used 
for prophylaxis, in order to avoid cross resistance. The 
usual sensitivity and resistance of the common fungi are 
indicated in Table 8[149-151].

Pre-emptive antifungal therapy implies a diagnostic 
workup with chest and/or sinus computed tomography, 
serum galactomannan and/or β-D-glucan to evaluate 
fungal infections in patients with PFN[133]; that approach 
has been proposed in order to reduce unnecessary use 
of empirical antifungal therapy, associated toxicity and 
high cost[147]. Patients receiving pre-emptive antifungals 
are more likely to present a documented invasive fungal 
infection (IFI) compared to patients receiving empirical 
therapy by the time the antifungal agent is started[152].

Paediatric population with PFN are also at high risk 

for IFI. Prospective monitoring of serum galactomannan 
twice per week in high-risk hospitalized children for early 
diagnosis of invasive aspergillosis is probably indicated. 

Computed tomography (CT) of the lungs and tar-
geted imaging of other clinically suspected areas of 
infection, as well as other investigations, such as BAL and 
trans-bronchial or trans-thoracic biopsy are indicated in 
the case of pulmonary lesions[153]. CT of the sinuses is 
proposed in children of at least 2 years, although imaging 
during prolonged FN can be inconclusive and symptoms 
of sinonasal IFD in children are scarce[154,155].

Particular entities of PFN
Recurrent or recrudescent fever refers to a new episode of 
fever after an initial resolution of fever with antimicrobial 
therapy when the patient remains neutropenic[155]. This is 
relatively common, but it has not been adequately studied. 
Bacterial and fungal infections are common causes of this 
syndrome (around 30%)[156,157]. The various guidelines 
do not separate recurrent/recrudescent fever from per-
sistent fever, although these two may be clinically and 
etiologically different.

Engraftment fever (myeloid reconstitution syndrome) 
consists of a new onset or worsening of inflammatory 
and/or infectious process, in temporal relationship to 
neutrophil recovery after aplasia[157,158]. This has to be 
differentiated from superinfection or the immune recon-
stitution syndrome. The engraftment syndrome is a 
diagnosis of exclusion, which presents particularly in 
the setting of stem cell transplantation (autologous or 
allogeneic) consisting in fever, rash and pulmonary infil-
trates originally and is usually treated with corticosteroids 
when severe.

ECONOMIC AND COST ISSUES RELATED 
TO FN
General considerations and perspectives for clinical 
practice
Treatment of FN usually requires several days of 
hospitalization, diagnostic procedures, administration of 
intravenous empiric broad-spectrum antibiotics and 
hematopoietic growth factors[159,160]. Thus, such medical 
management is resource intensive. It is not surprising 
that FN has a considerable economic impact, particularly 
in the inpatient setting[51,161]. 

Our understanding of such a problematic issue is 
mainly derived from several seminal United States re-
trospective economic analyses, highlighting average 
costs per hospitalization for FN management, ranging 
from $18880 to $22086 (€15000-€24000). The direct 
costs for outpatient management were considerably 
lower, at $985 per episode. Patients with hematological 
malignancies usually have much higher hospitalization 
costs associated with each episode than those with solid 
tumors ($US23000-38600 vs $US7598-14900)[162-165]. In 
a recent review, a large variation in estimation among the 
cost of illness studies in lymphoma patients experiencing 
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FN have been reported, ranging from $5819 to $34756 
(2013 $) per episode of FN[166]. It seems now well estab-
lished that such previous exclusive estimations, based 
on hospitalization, may have underestimated costs by as 
much as 40% by ignoring important costs occurring after 
hospital discharge[167]. 

Similar trends with a different cost burden degree 
were observed in western European developed countries, 
with smaller studies providing estimates of the average 
charge for FN-related hospitalization ranging from €2619 
in Spain to €4931 in France[168,169]. In a recent study con-
ducted in Ireland, the mean cost per FN episode in the 
inpatient setting was estimated to be €8915[170]. It should 
be noted that results of cost-effectiveness studies may 
differ greatly across different countries and health care 
systems. Future cost evaluation studies should compare 
the cost of FN and intervention costs within the same 
health care system, and not between countries, so as 
to determine more accurately if the intervention is cost-
effective.

Furthermore, results of studies that were conducted 

may not be directly applicable to other settings. More-
over, literature data based on clinical trials may carry 
the risk of representing care in overselected populations 
rather than “real life” practice. Many potential factors 
account for the large variation in estimating the cost of 
FN, such as the year of pricing, the perspective employed, 
and the cost estimation approach used. The public health 
care system is unique for each country, with different 
standards of care as well as different costing of health 
care resources.

Since FN is an acute condition, and typically produces 
temporary complete disability, the cost involved from 
the patient time lost from work was initially thought to 
be non-significant[171]. Thereafter, such indirect costs, 
including costs associated with patient work loss, care-
giver work loss, paid caregiver and/or non-revenue-
generating support centers, were estimated with great 
variations between studies, ranging from 11% to 44% of 
the total cost of FN management[161,166,172]. Future studies 
should place greater emphasis on improving the accuracy 
of providing a clearer description of these indirect costs. 

Antifungal classes Antifungal agent Common resistances Common sensitivity

Polyenes Amphotericine B: Candida lusitaniae Candida 
Deoxycolate Trichosporon Aspergillus 
Liposomal Fusarium Zygomycetes 

Lipid complex Scedosporium 
Colloidal dispersion Aspergillus terreus

5 Fluorocytosine Zygomycetes Candida
Scedosporium Torulopsis 

Fusarium T. glabrata
Cryptococcus Cryptococcus

Candida Phialophora 
Cliadosporium 

Exophiala 
Triazoles Fluconazoles Aspergillus Candida albicans and others

Candida kruzei Candida glabrata1 
Candida glabrata Cryptococcus neoformans

Zygomycetes Blastomyces dermatitidis
Coccidioides

Histoplasma capsulatum
Itraconazole Aspergillus niger As itraconazole + Aspergillus flavus

Aspergilus terreus Aspergillus fumigatus
Zygomycetes  Candida kruzei 

Mucor  Trichophyton 
Fusarium solani

Penicillium  
Voriconazole Zygomycetes As itraconazole + Aspergillus niger 

Sisyrinchium inflatum  Aspergillus tereus
Fusarium oxysporum, penicillium, Schedosporium apiospermum 

Posaconazole Trichosporon asahii As voriconazole + Trichophyton
 Zygomycetes 

Echinocandins Caspofungin Cryptococcus 
Micafungin Zygomycetes 

Anidulafungin Fusarium 
Paecilomyces lilacinus 

Trichosporon 
Schedosporium 

 prolificans 
Schedosporium inflatum 

Candida parapsilosis 

Table 8  Usual sensitivity and resistances of fungi against the different antifungals[149-151]

1Are not always sensible to the antifungals. 
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The major economic impact of neutropenic compli-
cations is mainly related to the cost of hospitalization and 
the associated length of stay (LOS). In a retrospective 
analysis, it has been demonstrated that one-third of 
patients hospitalized for more than 10 d account for 78% 
of the total cost. The average LOS decreased over time 
by 10% while the cost per day increased by 28%, raising 
the total cost per episode of FN by 13%. The mean LOS 
was longer for patients with leukemia (19.0 d) compared 
to patients with lymphoma and solid tumors[51]. A recent 
publication on subpopulations of FN admissions with 
breast cancer in the United States between 2009 and 
2011, showed, despite a shorter LOS than previously 
reported (5.7 d vs 8.0 d, P < 0.05), a significantly 
higher mean hospital charge ($ 37087)[173] than prior 
observation from former observations from Kuderer and 
colleagues ($ 12372)[8], suggesting that FN related hospi-
talizations continue to account for highly significant care 
expenditure. 

Low risk patients generally have short hospitaliza-
tions and account for a relatively small proportion of 
the overall costs associated with FN[174]. There is also 
strong evidence suggesting that costs of in-hospital treat-
ment are greater than the costs of ambulatory care for 
FN[166,175]. Therefore, strategies that support FN outpatient 
treatment may have important clinical and economic 
impacts[16,18,61]. However, these patients may have been 
selected for outpatient treatment because of their lower 
risk for complications. Future prediction risk models 
should not only include risk factors of FN to be considered 
for use of prophylactic therapies but also the predictors of 
higher cost of FN as well. Currently, the MASCC scoring 
system is widely used to prognosticate the severity of 
FN among cancer patients[18]. However, there is room to 
improve the sensitivity and specificity of the prognostic 
model. Considered that the management strategies of 
low-risk and high-risk FN are different, improving the 
current prognostic model to predict the severity of FN is 
worth to further explore in future studies.

Undoubtedly, recombinant G-CSFs represent a major 
clinical achievement[8]. Meta-analyses, which have shown 
that pegfilgrastim performs as well as or better than 
filgrastim in reducing FN rates for patients undergoing 
CT[176]. Consistently, several studies evaluated the relative 
cost effectiveness of pegfilgrastim, and showed that 
any incremental costs are justifiable given the clinical 
outcomes[177-180].

As already said, it is possible that these economic 
considerations have been the main incentive for in-
ternational guidelines, justifying the use of primary 
prophylaxis, at a risk level > 20%[13,181,182]. However, 
considering only the cost of hospitalization for setting 
such threshold may not be optimal. Such guidelines 
do not consider all aspects of value in cancer patients, 
namely clinical impacts on QoL and mostly, potential 
effect of completing full dose CT therapeutic plan, with 
subsequent disease control and impact on survival, 
especially in the curative setting.

Both filgrastim and pegfilgrastim are expensive 

($2600 and $3500 respectively for full treatment per 
cycle), and their economic burden is inseparable from 
the economics of FN. These agents will allow a greater 
relative dose intensity, less dose-delays and thereby, 
greater costs associated with the use of CT agents. Their 
high cost should be balanced not only against the cost of 
FN but also to the impact on increased clinical outcomes, 
such as QoL and survival. However, the exact economic 
benefits of such FN prophylaxis are not completely 
understood and established, mainly due to the lack of 
consistency in general use of G-CSFs among physicians. 
Indeed, under- and over-prophylaxis with G-CSFs re-
main a reality, being the consequences of either a bad 
knowledge and clinical applications of the guidelines, or 
the willingness for clinicians to overprotect their patients 
undergoing CT. It has been suggested that G-CSFs are 
underused for CT regimens with high risk of FN, and 
overused for those associated with low risk[183]. 

Actually, the risk of development of FN is not always 
easily determined on the basis of the type and dose of 
CT, and still many patients with a risk < 20% still develop 
FN, with a rate of complications similar to that of patients 
with a high risk[184]. Moreover, it seems that efficacy of 
G-CSF prophylaxis might be better in populations with 
low risk of FN (≤ 10%)[8]. Current guidelines will have to 
be revisited to allow a larger number of patients to have 
access to primary prophylaxis, without compromising 
cost efficacy. Hence, other prophylaxis strategies have 
been explored, including in particular, limitation of pri-
mary prophylaxis to the first two cycles of CT only[185] 
or shorter duration of G-CSF primary prophylaxis (2 vs 
7 daily injections)[49], but with reports of conflicting and 
ambiguous results in the literature. Further studies are 
needed and will be performed in this specific topic.

The great majority of previous large FN trials consi-
dered hematological malignancies, lymphomas, breast 
and lung cancers. Other groups, such head and neck 
cancer patients, may deserve special attention, because 
they truly represent a high risk group in terms of age, 
co-morbidities and aggressiveness of multimodal thera-
pies. In this group, platinum and taxane-containing regi-
mens (i.e., induction TPF) have a reported FN incidence 
ranging from 5.2%-20%[186,187] and therefore, they are 
not considered as high risk to have access to primary 
prophylaxis with G-CSFs. It is now established and 
recognized that patients considered for clinical trials 
(with shorter therapy durations) are usually well selected 
(usually excluding high risk such elderly patients), and 
could be different from those unselected and managed 
in real-life daily clinical practice among the community 
setting.

A recent retrospective analysis from a Japanese 
group reported a 41%, 25% and 33% incidence of FN in 
the first, second and third cycles of taxane and platinum-
based CT regimens. G-CSF was used in 58 out of 71 
patients (82%) during the first cycle, but exclusively 
therapeutically and not prophylactically following health 
insurance rules for G-CSFs in Japan[188]. Their relative 
dose intensity was around 80% of other reports. Tube 

Klastersky J et al . Febrile neutropenia in cancer patients



52 August 25, 2016|Volume 6|Issue 3|WJCID|www.wjgnet.com

feeding, diabetes mellitus and presence of CT-related 
gastrointestinal adverse effects (such mucositis, diarrhea 
and emesis) were significant predictors of FN. In this 
analysis, 62% and 70% of the patients had received prior 
CT and radiation respectively. The major interest of this 
retrospective analysis, and despite several limitations, is 
to show the much higher risk of FN in community setting 
than in clinical trials in a very specific group of tumors 
with high needs. Further investigations are needed for a 
better management and prophylaxis of FN in head and 
neck cancer patients.

Finally, a more comprehensive consideration of value 
should encompass not only the cost, but also potential 
survival benefit, QoL and equity between patients. More 
affordable G-CSFs, QoL through the use of biosimilars, 
might influence our prescribing to prevent FN in the 
future[189,190]. Several studies have demonstrated that 
the biosimilar G-CSF is equivalent in terms of efficacy 
and safety when compared against native G-CSF[191-193]. 
Although we dispose of encouraging clinical and safety 
outcomes, there is still a need for longer follow-up studies 
to confirm the safety, efficacy as well as cost effective-
ness of these biosimilars.

FN AT THE EXTREME OF AGE (DAL 
LAGO L) 
Elderly population
Due to the ageing, European population aged 65 years 
and older is projected to increase, leading to even older 
patients with cancer[194]. 

There is a paucity of evidence-based data for cancer 
management in older patients because of the under-
representation in studies. Indeed, many clinical trials 
have tended to exclude older individuals, either on the 
basis of age alone, comorbidity, or both[195]. Consequently 
data about anti-cancer treatments are extrapolated 
from results in younger population, with a risk of over-
treatment and/or complications such as FN following CT. 
Indeed, many clinical trials have tended to exclude older 
individuals, either on the basis of age alone, comorbidity, 
or both. The explanation for this situation is complex and 
associated with a biased approach by both physicians[196]. 
However, we do know that older patients are just as likely 
as younger ones to participate in clinical trials if given the 
opportunity. 

Older age as risk factor for FN
Particular consideration should be given to the high risk 
of FN in elderly patients (aged 65 and over). Primary 
prophylaxis of FN is currently indicated for a risk > 20% 
of FN, but FN is more often complicated in older patients, 
even if the theoretical risk of FN is < 20%[13].

In a phase Ⅲ randomized trial in 509 metastatic 
breast cancer patients who received first-line CT with 
doxorubicin or a pegylated liposomal formulation. One 
of the risk factors for FN was advanced age[197].

FN prophylaxis
Elderly cancer patients cannot tolerate standard doses of 
CT but should probably benefit more from prophylaxis 
because of the frequency and severity of myelosup-
pressive complications. 

One of the first randomized studies that demon-
strated the benefit of primary prophylaxis of FN during 
CT evaluated the incidence of FN and related events in 
852 older cancer patients (≥ 65 years of age) with either 
solid tumors or non-Hodgkin’s lymphoma receiving peg-
filgrastim; the administration of pegfilgrastim resulted in 
a significantly lower incidence of FN for both solid tumor 
and NHL patients compared with reactive use[198].

Cooper et al[9] meta-analysis of GCS-F for FN pro-
phylaxis following CT demonstrated that there was 
no clear difference in GCS-F effectiveness in studies 
restricting to elderly population. Indeed, Lyman et al[51] 
meta-analysis of 59 individual randomized controlled 
trials involving nearly 25000 patients with solid tumors 
or lymphoma demonstrated significant reductions in 
all-cause mortality over the period of 2 years follow-up 
with GCS-F-supported CT (RR = 0.93), independent of 
the age group[17].

In a phase Ⅲ randomized trial of 175 NSCLC patients 
randomly assigned to CT with or without addition of G-CSF 
to antibiotic prophylaxis, it was shown a decreased in-
cidence of FN with the addition of G-CSF, and older age 
was related to the risk of FN in cycle 1[199].

Phase Ⅲ results of 779 patients with ovarian cancer 
treated with carboplatin or cisplatin/paclitaxel were re-
trospectively analyzed according to feasibility, toxicity, 
and QoL in patients aged < 70 or ≥ 70 years; 13% of 
patients were aged ≥ 70 years. Toxicities were com-
parable between elderly and younger patients, except for 
FN (5% vs < 1%, P = 0.005)[200].

FN complications
It is therefore important to identify patients at risk for 
complications if FN appears using instruments like the 
MASCC score). This score identifies age 65 or older as an 
important risk factor for disease burden in case of FN[18].

Perspectives
Risk factors of CT toxicity (for example FN) other than 
chronological age should be identified and evaluated, as 
that chronologic age is often different from physiologic 
age. The next step in geriatric oncology will be to imple-
ment ongoing predictive models for CT toxicity that 
integrate patient age, and characteristics of the tumor 
and its treatment as well as laboratory values and overall 
geriatric assessment[201,202]. This might allow to better 
selection of patients who will benefit of primary GCS-F 
prophylaxis of FN.

CONCLUSION
During the past 50 years, FN prognosis has dramatically 
changed as a result of better supportive care in patients 
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with cancer and namely the use of empirical broad 
spectrum anti-microbial therapy. Nonetheless, FN is still 
diagnosed in 10% of the CT-treated patients and is re-
sponsible overall for a 10% mortality without taking into 
account the morbidity resulting from FN and the possible 
negative effect on cancer therapy.

A major advance in the management of FN has been 
the stratification of the population of patients with FN 
for the risk of complications and death. Using validated 
reliable predictive instruments, such as the MASCC score, 
it is possible to identify a population of “low risk” patients 
who can benefit from simplified and less expensive 
therapeutic approaches (e.g., orally administered anti-
microbial therapy and early home return). 

Although the MASCC scoring index has been widely 
accepted, there is still room for improving its effec-
tiveness, especially in some subset of the FN population, 
namely in patients with hematological malignancies. 
Similarly, attempts to improve the performance of the 
score by adding to it, some biological parameters are 
promising. Although the MASCC score can identify 
patients at high risk of complications during FN, more 
precise prediction of such patients is needed, to make 
possible earlier and closer monitoring of those patients 
who present still a high rate of death and complications, 
mainly because of uncontrolled sepsis. New paradigms 
for the diagnosis and management of non-low-risk 
patients with FN are urgently needed.

A major advance in the management of FN has 
been the introduction of the GCSFs, which efficacy for 
the prevention of CT-associated has been demonstrated 
beyond any doubt: 50%-80% of such episodes can 
now be avoided. Unfortunately GCSFs are expensive 
and this has led to restrictive algorithms for their use, 
to balance the cost of the prophylaxis and that of the 
management of FN; these considerations usually do 
not take into account the effect of FN on the well-being 
(QoL) of the patients. It is highly desirable that future 
research focuses on the definition of subset of patients 
who could benefit from GCSF prophylaxis, taking into 
account not only the type of CT used, but also many 
comorbid conditions making FN more common and more 
debilitating.
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