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1 Virulence and experimental treatment of Trichoderma longibrachiatum, a
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ABSTRACT:

Different inocula of Trichoderma longibrachiatum were tested in a murine model
and only the highest one (1 x 10’ CFU/animal) killed all the mice at day 15 post
infection, being spleen and liver the most affected organs. The efficacy of
amphotericin B deoxycholate, liposomal amphotericin B, voriconazole and
micafungin was evaluated in the same model with very poor results. Our study
demonstrated the low virulence but high resistance to antifungal compounds of

this fungus.

Keywords: animal model, fungal infection, Trichoderma, antifungal therapy.
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Trichoderma, a saprobic filamentous fungus widely distributed in nature (1) has
recently emerged as human pathogen. Trichoderma spp. produce a wide
variety of clinical manifestations (2-12), mostly attributed to T. longibrachiatum.
In general, clinical cases have poor prognosis due to their intrinsic resistance to
antifungals (13). Antifungal susceptibility data are scarce and appropriate
treatment does not exist. Although amphotericin B shows poor in vitro activity is
the most used drug, while voriconazole and echinocandins showed better in
vitro activity (14). Our aim was to evaluate the virulence of T. longibrachiatum in
a murine model and the efficacy of amphotericin B, liposomal amphotericin B,
micafungin and voriconazole.

Two clinical strains of T. longibrachiatum (FMR 12626 and FMR 12643)
identified using a multilocus sequence analysis (14) were used. The antifungal
activity was determined following the CLSI guidelines (14, 15). For FMR 12626
MICs of amphotericin B and voriconazole were 0.13 pg/mL, 0.5 yg/mL and for
FMR 12643, were 2 ug/mL, 4 ug/mL. MECs for micafungin (determined with a

stereoscopic microscope) were 0.25 pg/mL; and 0.03 pg/mL, respectively.

Isolates were cultured on potato-dextrose agar at 35°C for 4 days. Suspensions
were adjusted by haemocytometer counts and viability confirmed by culturing
onto Dichloran Rose Bengala Chloramphenicol (DRBC) agar, which restricts the

fast and invasiveness growth of Trichoderma (16).

For virulence studies, male OF-1 mice weighing 30 g were immunosuppressed
with 200 mg/kg of cyclophosphamide, producing neutrophil counts <100
cells/mm?® (17). Groups of 16 animals, 8 for survival and 8 for fungal burden and
histopathology studies, were established. Groups were infected intravenously

i.v) into the lateral tail vein with 1 x 10%, 1 x 10°%, 1 x 10% or 1 x 10" colon
y
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forming units (CFU)/mouse of each strain in 0.2 mL. On day 6 post-infection,
mice from tissue burden groups were euthanised by CO; inhalation. Lungs,
kidneys, liver, spleen and brain were removed, homogenized, ten-fold diluted
and placed onto DRBC agar for CFU/g calculation. All care procedures were
supervised and approved by the Universitat Rovira i Virgili Animal Welfare and
Ethics Committee.

Treatments were evaluated in mice challenged with 1x107 CFU, which
produced an acute infection with all mice dying within 15 days. Treatments
consisted on amphotericin B at 0.8 mg/kg i.v., liposomal amphotericin B
(AmBisome) at 20 mg/kg i.v., micafungin (Mycamine) at 10 mg/kg i.p., and
voriconazole (Vfend), at 25 mg/kg orally. The doses were based on previous
pharmacokinetic studies (18, 19). From 3 days before infection, mice treated
with voriconazole received grapefruit juice instead of water (20). Controls
received no treatment. Therapy was initiated on day 1 post-infection and lasted
for 5 days. To prevent bacterial infections, mice received ceftazidime 5
mg/kg/day subcutaneously. The efficacy of treatments was evaluated through
prolongation of survival and reduction of fungal tissue burden.

Mean survival time (MST) was estimated by Kaplan—Meier method and
compared among groups by the log-rank test. Tissue burden data were
analysed by the Mann-Whitney U-test using GraphPad Prism 5 for Windows. P

values < 0.05 were considered statistically significant.

The mortality of infected mice correlated with inocula size. For both strains
tested, the mortality rates of mice challenged with 1 x 10* and 1 x 10°
CFU/animal were 25%, and 62.5% in those challenged with 1 x 10°

CFU/animal. All mice infected with 1 x 10" CFU/animal died (MST 8.65 + 2.8
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days for FMR 12626 and 8.87 + 3.35 days for FMR 12643) significantly earlier

with respect to smaller inocula (P < 0.023) (Figure 1).

On day 6 post-infection, mice infected with different inocula of FMR 12643
showed fungal loads in all organs, unlike those infected with the strain FMR
12626, where only the two highest inocula resulted in fungal recovery from all
organs. The most affected organs were liver and spleen followed by kidneys,
lungs and brain, regardless of the inoculum or the strain tested (Figure 2).

Only liposomal amphotericin B was able to prolong survival but only against the
strain FMR 12626 (P=0.03), which showed the highest in vitro susceptibility to
amphotericin B.

Likewise, only liposomal amphotericin B reduced the fungal load more than one
log in liver and spleen, of mice infected with the strain FMR 12626 (P < 0.0002)
whilst no statistical difference was observed with FMR 12643 (Fig. 4)

Some recommendations for Trichoderma infections include removal of
catheters, systemic antifungal therapy, treatment of underlying diseases and
surgery (11) but the best therapy is unknown. Animal models might therefore be
useful for evaluating antifungal therapies (21, 22). Our results demonstrate a
low virulence of the two strains tested. We recovered viable cells from all
organs only in mice infected with the highest inocula.

Despite its good in vitro activity, micafungin only reduced fungal load slightly.
The clinical use of micafungin against Trichoderma has not been reported,
although caspofungin has yielded inconclusive results (5, 23).

Voriconazole reduced load slightly in spleen of mice infected with the strain with
the greatest MIC, contrary to clinical cases that report successful treatment

against isolates with MICs <1 pg/mL (11, 24, 25). Here, voriconazole was
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unable to reduce burden of mice challenged with the strain with the lowest MIC.
This could partly be explained by the short treatment period evaluated. Other
differences from successful outcomes include the use of intravenous
voriconazole formulations, or prior administration of other antifungals, which
might improve the effect of voriconazole.

Amphotericin B and liposomal amphotericin B, reduced tissue burden of mice
infected with the strain with the lowest MIC. However, in survival studies, only
liposomal amphotericin B showed efficacy in mice challenged with the strain
with MIC of 2 pug/mL. In the few clinical cases reported, the use of amphotericin
B or liposomal amphotericin B resulted in different outcomes, unrelated to MIC
(4, 8, 26).

Clinical reports shown a low susceptibility of this fungus to available antifungals
that agrees with our results that demonstrate poor efficacy of the three drugs
tested and does not clarify management of this infection. Further studies are
needed, testing a higher number of isolates with a wider range of MICs and a

longer treatment period.
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FIGURE LEGENDS

Figure 1. Cumulative mortality of immunosuppressed mice infected with
different inocula of two strains of T. longibrachiatum; FMR 12626 (A) and FMR
12643 (B). # P < 0.05 versus 1x10” CFU/animal.

Figure 2. Colony counts of T. longibrachiatum FMR 12626 (A) and FMR 12643
(B) in different organs of immunosuppressed mice at day 6 post-infection.

Horizontal lines indicate median values.

Figure 3. Cumulative mortality of immunosuppressed mice infected with T.
longibrachiatum FMR 12626 (A) and FMR 12643 (B) after therapy with AMB
0.8, amphotericin B at 0.8 mg/kg QD; MCF 10, micafungin at 10 mg/kg; VRC
25, voriconazole at 25 mg/kg QD; or LAMB 20, liposomal amphotericin B at 20
mg/kg QD. ® P < 0.05 versus control.

Figure 4. Fungal load of immunosuppressed mice infected with T.
longibrachiatum FMR 12626 (A) or FMR 12643 (B). AMB 0.8, amphotericin B at
0.8 mg/kg QD; MCF 10, micafungin at 10 mg/kg; VRC 25, voriconazole at 25
mg/kg QD; or LAMB 20, liposomal amphotericin B at 20 mg/kg QD. Horizontal
lines indicate median values. 2 P < 0.05 versus control; ® P < 0.05 versus AMB
0.8: © P < 0.05 versus LAMB 20: ¢ P < 0.05 versus VRC 25: ® P < 0.05 versus
MCF 10.
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Figure 1. Cumulative mortality of immunosuppressed mice infected with different inocula of two

strains of T. longibrachiatum; FMR 12626 (A) and FMR 12643 (B). # P < 0.05 versus 1x10’
CFU/animal.
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Figure 3. Cumulative mortality of immunosuppressed mice infected with T. longibrachiatum FMR
12626 (A) and FMR 12643 (B) after therapy with AMB 0.8, amphotericin B at 0.8 mg/kg QD; MCF 10,
micafungin at 10 mg/kg; VRC 25, voriconazole at 25 mg/kg QD; or LAMB 20, liposomal amphotericin

B at 20mg/kg QD. P < 0.05 versus control.

Chemotherapy

VNITOdVO HLNOS 40 AINN Ag 9102 ‘g sunr uo /610" wse:dee//:dny woij papeojumod


http://aac.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

liver spleen

Log,y CFU/g of tissue
w N
1 |

O I I I I I 1 bl I I ,bl
0 e A > & 6° X
S LA S S S oV
s i X \y Y ¢ &0 > \y ®C§<
R v\
B liver spleen
189 op @5 & @B ¥ op &8
6- GG @S @ :
= :
? 5- :
B2 5
S 44
o
T <
(@)
& 2-
o
—
14
O T T T T b| T T T c)I T
> N o & 3 > S S
QO Q Vv 2% S \SO QO Vv > N
& Q> ® O N Q Q Q o £
9 Q& N o N ©
& X

Figure 4. Fungal load of immunosuppressed mice infected with T. longibrachiatum FMR 12626 (A) or
FMR 12643 (B). AMB 0.8, amphotericin B at 0.8 mg/kg QD; MCF 10, micafungin at 10 mg/kg; VRC
25, voriconazole at 25 mg/kg QD; or LAMB 20, liposomal amphotericin B at 20mg/kg QD. Horizontal

lines indicate median values. @ P < 0.05 versus control; ® p <0.05 versus AMB 0.8; ° P < 0.05 versus
LAMB 20; 4P <0.05 versus VRC 25: ® P < 0.05 versus MCF 10.
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