
Accepted Manuscript

Lack of correlation of ECV and outcome in an in vivo murine
model of systemic fusariosis

Patricia Navarro-Rodríguez, Marcela Guevara-Suarez, Katihuska
Paredes, Adriana Celis, Josep Guarro, Javier Capilla

PII: S0732-8893(18)30176-7
DOI: doi:10.1016/j.diagmicrobio.2018.05.019
Reference: DMB 14606

To appear in: Diagnostic Microbiology & Infectious Disease

Received date: 9 January 2018
Revised date: 17 May 2018
Accepted date: 23 May 2018

Please cite this article as: Patricia Navarro-Rodríguez, Marcela Guevara-Suarez,
Katihuska Paredes, Adriana Celis, Josep Guarro, Javier Capilla , Lack of correlation
of ECV and outcome in an in vivo murine model of systemic fusariosis. Dmb (2018),
doi:10.1016/j.diagmicrobio.2018.05.019

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.diagmicrobio.2018.05.019
https://doi.org/10.1016/j.diagmicrobio.2018.05.019


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

1 
 

 

Lack of correlation of ECV and outcome in an in vivo murine model of systemic 

fusariosis 

Patricia Navarro-Rodrígueza, Marcela Guevara-Suareza,b, Katihuska Paredesa, Adriana 

Celisb, Josep Guarroa, Javier Capillaa,*  

aUnitat de Microbiologia, Facultat de Medicina i Ciències de la Salut, IISPV, Universitat 

Rovira i Virgili, Reus, Tarragona, Spain. 

bLaboratorio de Micología y Fitopatología, Departamento de Ciencias Biológicas, 

Universidad de Los Andes, Bogotá, Colombia. 

 

Running title: Antifungal drugs are ineffective against fusariosis  

Word count: 986  

 

* Corresponding author: Javier Capilla 

Address: Unitat de Microbiologia, Facultat de Medicina i Ciències de la Salut, IISPV, 

Universitat Rovira i Virgili. Sant Llorenç Street 21. 43201 Reus, Tarragona, Spain 

Phone number: +34 977 759 381 

Fax number: +34 977 759 322 

E-mai: javier.capilla@urv.cat 

 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

2 
 

The increase in recent years of disseminated infections by Fusarium among 

immunocompromised patients, has driven to consider fusariosis an emerging infectious 

disease (Nucci et al. 2014; Tortorano et al. 2014). Approximately 70 taxonomic 

species, distributed into seven complexes, have been associated to human infections 

being F. falciforme and F. keratoplasticum from the F. solani species complex and F. 

oxysporum species complex the commonest (Guarro 2013; Short et al. 2013; Al-hatmi, 

Meis, and Hoog 2016). In general Fusarium spp. exhibit resistance to most azoles and 

echinocandins; while variable susceptibility has been reported to voriconazole and 

amphotericin B (Al-hatmi, Meis, and Hoog 2016), which are  the recommended drugs 

(Tortorano et al. 2002). Despite that the outcome of the disease has been  improved in 

the last years, the mortality remains high (García-ruiz et al. 2015; Nucci et al. 2014; Al-

hatmi et al. 2017). Clinical breakpoints (CBP) have not been established but 

epidemiological cut-off values (ECV) for the most prevalent species have been defined. 

The ECVs comprising ≥97.5% of the modeled population define F. solani species 

complex  and F. oxysporum species complex as non wild-type at MIC ≥8 μg/ml of 

amphotericin B, and at  ≥32 and ≥16 μg/ml of voriconazole against F. solani species 

complex  and F. oxysporum species complex, respectively (Espinel-Ingroff et al. 2016). 

The aim of the present study was to test the efficacy of liposomal amphotericin 

B and voriconazole, in murine models of disseminated infection against clinical strains 

of F. solani and F. oxysporum that shown MICs corresponding to wild-type (WT) and 

non-WT strains in order to determine if the stablished ECVs correlate with the in vivo 

outcomes. WT and non-WT strains were selected from previous in vitro antifungal 

susceptibility studies (Guevara-suarez et al. 2016) 

Two clinical strains of F. keratoplasticum belonging to F. solani species complex  

(LEMM-121340 and LEMM-121984), and two belonging to the Clade-3 of F. 

oxysporum species complex (LEMM-110946 and CIB-15), were used (Guevara-suarez 

et al. 2016). The in vitro antifungal testing was performed by following the CLSI 

guidelines (CLSI, 2008). Inocula, consisting in conidial suspensions for in vitro and in 
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vivo studies, were obtained from five days-old cultures on PDA (Pronadisa, Madrid, 

Spain) kept at 35°C. Inocula were adjusted to the desired concentration by 

hemocytometer counts and viability confirmed by placing 10-fold dilutions PDA plates. 

Twelve groups of male OF-1 mice (Charles River, Criffa S.A., Barcelona, Spain) 

weighing 30 g were used under standard conditions. Each group of animals consisted 

on 13 mice, 8 for survival studies and 5 for CFUs determination, and all of them were 

immunosuppressed 2 days prior infection by intraperitoneal administration of 200 

mg/kg of cyclophosphamide and then administered every 5 days thereafter. Animals 

were challenged intravenously with 5x103 CFU of both F. solani species complex 

strains and with 2x107 CFU of F. oxysporum species complex strains. Inocula were 

selected from previous studies (data not shown) to provoke equivalent acuteness of 

infection. Treatments consisted on liposomal amphotericin B  (AmBisome, GILEAD, 

Madrid, Spain), administered intravenously at 10 mg/kg once a day (QD) or 

voriconazole (Vfend, Pfizer, Madrid, Spain) given orally by gavage at 40 mg/kg QD. 

Animals treated with voriconazole received grapefruit juice during and 2 days before 

initiation of treatment. All treatments began 1 day after infection and lasted for 10 days. 

All procedures were supervised and approved by the Universitat Rovira i Virgili Animal 

Welfare and Ethics Committee. Efficacy was assessed by survival rates along 22 days 

post infection and by fungal load in kidneys, liver and lungs 9 days after infection. 

Fungal load was determined by placing organ homogenates on PDA. Mean survival 

time was estimated by the Kaplan-Meier method, and compared among groups by the 

log-rank test. Tissue burden data were analyzed by the Mann-Whitney U test. All 

statistical analyses were performed by using GraphPad Prism 5. P values of ≤ 0.05 

were considered statistically significant.   

Both assayed drugs showed a poor in vitro activity. The MICs of amphotericin B 

and voriconazole were 2 and 8 µg/mL, respectively against the strain LEMM-121340, 

and 4 and >16 µg/ml against LEMM-121984. MICs of AMB and VRC resulted in 4 and 
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>16 µg/mL against LEMM-110946 and 2 and >16 µg/ml against for CIB-15, 

respectively.  

In vivo results showed poor efficacy even against strains considered WT. No 

Treatment improved the survival after the infection by any of the assayed strains (Fig. 

1). In the tissue burden study only liposomal amphotericin B showed some reduction 

against F. solani species complex, although only against the strain LEMM-121340, 

reducing CFUs in kidney (p = 0.013) but not in liver or lungs (Fig. 2). Liposomal 

amphotericin B did not show efficacy against F. solani species complex LEMM-121984 

neither against both F. oxysporum species complex strains, while voriconazole was 

ineffective in reducing fungal load in any of the infections assayed. The lack of clinical 

experience, makes difficult to establish the usefulness of such parameters in predicting 

the infection outcome but in absence CBPs animal models are useful in correlating 

ECVs with therapeutic success, as it has been recently demonstrated against 

scedosporiosis, usually refractory to the antifungal treatment (Martin-vicente et al. 

2016).  

The strains selected in this study represent the most common MICs of 

amphotericin B and voriconazole against both complex of species, i.e., 2 and 8 µg/ml 

against F. solani species complex, and 2 and 4 µg/ml against F. oxysporum species 

complex, but MICs as low as 0.25 µg/ml and 0.5 µg/ml have been reported (Espinel-

Ingroff et al. 2016). Although ECVs are not intended to predict efficacy, they can guide 

therapy in absence of clinical breakpoints. Our results, besides demonstrating the poor 

efficacy of LAMB and VRC, proved no correlation between ECVs and efficacy in our 

model. We are aware of the low number of species included in the present study, which 

limits a firm conclusion, and further studies including species showing lower MICs 

would be highly desirable in order to guide breakpoints for the treatment of these 

infections.  
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FIGURE LEGENDS 

 

Figure 1. Cumulative mortality of immunosuppressed mice infected with 2x107 CFUs of 

Clade-3 (Fusarium oxysporum species complex ) strains A) LEMM-110946 and B) 

CIB-15 or 5x103 CFUs of F. keratoplasticum (Fusarium solani species complex) strains 

C) LEMM-121984 and D) LEMM-121340. Animals received no treatment (Control), 

intravenous liposomal amphotericin B at 10 mg/kg (LAMB 10) or oral voriconazole at 

40 mg/kg (VRC 40). No statistical differences were found between treated and their 

respective control groups. 

  

Figure 2.  Scatter gram of fungal load in liver, lungs and kidney in immunosuppressed 

mice 9 days after infection with 2x107 CFUs of Clade-3 (Fusarium oxysporum species 

complex) strains A) LEMM-110946 and B) CIB-15 or 5x103 CFUs of F. keratoplasticum 

(Fusarium solani species complex ) strains C) LEMM-121984 and D) LEMM-121340. 

Animals received no treatment (Control), intravenous liposomal amphotericin B at 10 

mg/kg (LAMB 10) or oral voriconazole at 40 mg/kg (VRC 40). a P < 0.05 in comparison 

to control group. 
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Lack of correlation of ECV and outcome in an in vivo murine model of systemic 

fusariosis 

 

Highlights: 

- No efficacy of LAMB and VRC was observed against murine systemic fusariosis 

- Wild-type strains  showed in vivo resistance to the antifungal treatment 

- ECVs for F. oxysporum and F. solani complexes species did not guide outcome  
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Figure 1



Figure 2


