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Fig. 4. (A) Normal hepatic histologic structure in the common carp in the neg-

ative control group. (B) Positive control group showing that hepatocytes are

undergoing diffuse vacuolar degenerative changes and necrosis with severe

dilatation of the hepatic sinusoids (15 dpi). (C) Silver nanoparticles immersion-

treated groups showing normal histological structure of the liver (15 dpi). (D)

Silver nanoparticles injection-treated group showing normal liver histological
pattern (15 dpi). All images are H&E, 100x magnification

that common carp did not show severe adverse
health effects or mortality after immersion in 200 ng
ml~! of AgNPs. In a previous study, a water bath con-
taining 100 ng ml~' of AgNPs was not lethal to rain-
bow trout and did not leave any residual silver in the
fish muscles (Shaalan et al. 2018). For the dose of the
i.p. injection, we applied the same concentration as
the MIC from our in vitro study.

In our study, a remarkable reduction in mortality
rates was recorded in both treated groups, especially
in the immersion treatment. The reduction in mortal-
ity of fish after treatment with AgNPs matched that of
a previous experiment performed on rainbow trout
infected with A. salmonicida (Shaalan et al. 2018). It
is interesting to note that the survival rate of the
immersion-treated fish was higher than the injected
ones. This may be attributed to the entry of AGNPs to
fish via the skin as there is a direct contact between
the NPs and the fish skin, since F. johnsoniae is
reported to be an opportunistic fish skin pathogen
(Carson et al. 1993).

The main histopathological lesion was found in the
kidney, which exhibited severe depletion of the
hematopoietic tissue after infection with F. johnso-
niae (Fig. 3). This lesion was reported in another
Flavobacterium study after experimental infection
with F. psychrophilum (Marancik et al. 2014). The

clinical signs and histopathologic
lesions in gills, kidney, and liver were
noted in the positive control groups
only, confirming the therapeutic effects
of AgNPs when applied during the
early stage of F. johnsoniae infection.

As a therapeutic application to the
fish farms, it is worth mentioning that
AgNP treatment should be conducted
at night. The presence of solar light
was found to enhance the toxicity of
the AgNPs to fish cell lines and em-
bryos of zebrafish (George et al. 2014).

In conclusion, AgNPs are a promis-
ing alternative to antibiotics —espe-
cially at the onset of bacterial infection
and including infections with antibi-
otic-resistant bacteria. A single immer-
sion with AgNPs offers convenience of
treatment during bacterial outbreaks
and direct contact between the AgNPs
and the fish skin with a reduction in
total fish mortalities. Treatment should
be conducted at least 30 d before mar-
keting to ensure that muscle tissues
are free of any residual silver.
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Appendix.

Fig. Al. Common carp showing abdominal dropsy and
ecchymotic hemorrhage in the ventral part, 3 dpi with
Flavobacterium johnsoniae
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