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SUMMARY

Moycobacterium abscessus causes chronic skin infections, lung diseases, and systemic or disseminated

infections. Although a silkworm infection model with M. abscessus has been established, pathological
analysis of the infected silkworms has not been performed. In this study, we performed hematoxylin-
eosin and Ziehl-Neelsen staining of silkworms infected with M. abscessus. Four days after infection
with M. abscessus, M. abscessus accumulation was observed in the fat bodies of silkworms. The
number of viable M. abscessus cells in the fat bodies of the infected silkworms increased over time.
These results suggest that M. abscessus proliferates in the fat bodies of the infected silkworms.

Keywords

1. Introduction

Mpycobacterium abscessus, is a group of rapidly growing
non-tuberculous mycobacteria, causes chronic skin
infections, lung diseases, and systemic or disseminated
infections in immunocompromised patients (/-4). M.
abscessus infections are associate with a greater lung
function loss compared with cystic fibrosis caused by
typical airway pathogens (5). High levels of antibiotic
resistance in M. abscessus contribute to poor outcomes
by limiting the treatment options (6). Several mouse M.
abscessus infection models have been used to evaluate
the efficacy of antibacterial drugs (7,8). These mouse
infection models require several weeks to assess the
mortality of infected mice. Moreover, long-term infection
experiments using mice are difficult to conduct owing to
animal welfare issues. The 3Rs, replacement, refinement,
and reduction, are important animal welfare principles
for experiments using mammals (9). To overcome these
problems, a silkworm infection model with M. abscessus
was established (10,11).

Silkworms are invertebrate animals that are
beneficial for use in experiments to reveal host-
pathogen interactions and identify candidates for
antimicrobial drugs (/2-16). Fewer ethical issues are
associated with the use of a large number of silkworms
for experimentation than with mammals (/7). By
exploiting this advantage of silkworms for infectious
disease research, silkworm infection models are used
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as initial screening systems to identify virulence-
related genes in pathogenic microorganisms (/8-27). A
silkworm infection model was established to evaluate
anti-mycobacterial compounds using a type strain (/0).
Moreover, the virulence of M. abscessus clinical isolates
was quantitatively evaluated by calculating the median
lethal dose (LDs,), which is the dose of a pathogen
required to kill half of the animals in a group, in a
silkworm M. abscessus infection model (/7). However,
histopathological analysis of silkworms infected with M.
abscessus has not yet been performed.

In the present study, we observed the accumulation
of M. abscessus in the fat bodies of infected silkworms
using histopathological analysis. Moreover, the number
of viable M. abscessus cells increased in the fat bodies
of infected silkworms. These findings suggest that the
growth of M. abscessus in the fat bodies of infected
silkworms might be a reason for the death of silkworms.

2. Materials and Methods
2.1. Reagents

Middlebrook 7H9 broth, Middlebrook 7H10 agar, and
Middlebrook OADC enrichment were purchased from
Becton, Dickinson, and Company (Sparks, MD, USA).
Middlebrook 7H9 broth and Middlebrook 7H10 agar
were supplemented with 10% Middlebrook OADC
Enrichment. Hematoxylin-eosin (HE) was purchased
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from Merck (Darmstadt, Germany). Ethanol, xylene,
Ziehl carbol-fuchsine solution, and Loeffler's methylene
blue solution were purchased from Muto Pure Chemicals
Co. LTD (Tokyo, Japan).

2.2. Bacterial strain and culture condition

The M. abscessus subsp. abscessus ATCC19977 strain
was used in this study. The M. abscessus ATCC19977
strain was grown on a Middlebrook 7H10 agar plate
at 37°C. A single colony was then inoculated into 5 ml
of Middlebrook 7H9 broth and incubated at 37°C for 3
days.

2.3. Infection experiments using silkworms

Silkworm infection experiments with M. abscessus
were performed as previously described (/7). Fifth-
instar larvae were reared on an artificial diet (Silkmate
2S, Ehime-Sanshu Co., Ltd., Ehime, Japan) for 24 h.
M. abscessus cells grown in Middlebrook 7H9 broth
were collected by centrifugation and suspended in sterile
saline. A 50-uL sample solution was administered to the
silkworm hemolymph by injecting the silkworm dorsally
using a 1-ml tuberculin syringe (Terumo Medical
Corporation, Tokyo, Japan). Silkworms were injected
with M. abscessus cells (1.4 x 10" cells per larva), and
were incubated at 37°C for 4 days.

2.4. Histopathological analysis

Silkworms infected with M. abscessus were placed in
4% formalin and incubated at room temperature for
two weeks (Figure 1). Paraffin-embedded sections of
formalin-fixed silkworms were prepared and placed on
glass slides.

HE staining was performed according to the
manufacturer instruction. After immersion in xylene for
10 min, the specimens were immersed twice in 100%
ethanol, and then in 95% ethanol, 80% ethanol, and
70% ethanol. After rinsing with water, specimens were
immersed in Carracci's hematoxylin solution for 5 min.
The specimens were immersed in 70% ethanol containing
0.2% hydrochloric acid, rinsed with water, and soaked in
warm water for 10 min. After immersion in an alcohol
eosin staining solution for 3 min, the specimens were
quickly passed through 100% ethanol. The specimens
were immersed in xylene for 3 min and sealed.

Ziehl-Neelsen staining was also performed according
to the manufacturer instruction. Silkworm sections on
glass slides were deparaffinized, removed xylene, and
rinsed with distilled water. After immersion in Ziehl
carbol-fuchsine solution for 30 min, the sections were
rinsed under running water. After immersion in ethanol
containing 0.5% hydrochloric acid for 10 seconds,
sections were rinsed under running water. After 2
seconds of immersion in Loeffler's methylene blue
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Figure 1. The experimental scheme of histopathological analysis
of the silkworm infected with M. abscessus in this study. (A)
Fixation of silkworms infected with M. abscessus. Silkworms were
injected with saline or M. abscessus cells (1.4 x 107 cells per larva)
and incubated at 37°C for 4 days. (B) Locations of sliced sections of
silkworms.

solution, sections were lightly rinsed with water. The
sections were dehydrated in 100% ethanol, immersed in
xylene for 3 min, and sealed. Silkworm sections were
examined under an optical microscope (BX51; Olympus,
Tokyo, Japan).

2.5. Viable cell counts of M. abscessus in the silkworm
fat body

Fat body isolation was performed as previously described
(22). The silkworms were placed on ice for 15 min. Fat
bodies were isolated from the dorsolateral region of each
silkworm and rinsed with saline. The wet weights of the
fat bodies were measured. The viable cell number of M.
abscessus in the fat body of silkworms was measured
according to a previous report (23). Silkworms were
injected with M. abscessus cell suspension (7 x 10°
cells in 50 pL) and incubated at 37°C. Fat bodies were
harvested from silkworm larvae at 1, 2, 3, or 4 days post-
infection. The fat body was homogenized in 1 mL of
saline and the lysate was obtained. The lysate was 10° or
10’-diluted with saline, and a 100 pL aliquot was spread
on a Middlebrook 7H10 agar plate. The agar plate was
incubated at 37°C for three days, and the colonies on the
agar plates were counted. The viable cell number of M.
abscessus per wet weight of fat body was determined.

2.6. Statistical analysis

The statistical significance of differences between viable
cell counts of M. abscessus in silkworm groups was
determined using Tukey's test. Statistical significance
was set at p < 0.05.
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Figure 3. Accumulation of M. abscessus in the fat bodies of infected
silkworm. (A, B) Silkworms were injected with M. abscessus cells
(1.4 x 10 cells per larva) and incubated at 37°C for 4 days. Silkworm
sections were subjected hematoxylin-eosin staining or Ziehl-Neelsen
staining and observed under a microscope. (A) Three views of the fat
bodies of the infected silkworm. (B) Red bacilli are observed.

3. Results and Discussion

We performed histopathological analysis of the
silkworms four days after infection with M. abscessus.
M. abscessus cells (1.4 x 10" cells) were injected
into silkworms, reared at 37°C for 4 days, and then
immersed in 4% formalin solution for 2 weeks (Figure
1A). Silkworms were sliced into rings and subjected to
hematoxylin-eosin and Ziehl-Neelsen staining (Figure
1B). In hematoxylin-eosin staining, a reddish brown area
was observed in the fat bodies of the silkworms infected
with M. abscessus, but not in those of the silkworms
injected with saline (Figure 2). In the Ziehl-Neelsen
staining, the area was stained dark red (Figure 2). Several

sections from silkworms infected with
or without M. abscessus. Silkworms were
injected with saline or M. abscessus cells (1.4
x 107 cells per larva) and incubated at 37°C
for 4 days. Silkworm sections were subjected
to hematoxylin-eosin or Ziehl-Neelsen
staining and observed under a microscope.
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Figure 4. Increase in viable M. abscessus cells in the fat bodies of
infected silkworms. (A) Experimental scheme. (B) Silkworms were
injected with M. abscessus cells (7 x 10° cells in 50 puL) and were
incubated at 37°C for 4 days. Silkworm fat bodies were isolated for
four days after the injection of M. abscessus, and viable M. abscessus
cells were counted. Five silkworms were used per group. The statistical
significance of differences between viable cell counts of M. abscessus
in silkworm groups was determined using Tukey’s test. *: p < 0.05.

areas stained dark red by Ziehl-Neelsen staining were
observed in the fat bodies of silkworms infected with M.
abscessus (Figure 3A). Red bacilli were observed in the
fat bodies of silkworms infected with M. abscessus by
Ziehl-Neelsen staining (Figure 3B). These results suggest
that M. abscessus accumulates in the fat bodies of the
silkworms.

Next, we examined whether M. abscessus grows in
the fat bodies of the silkworms. The fat bodies of the
silkworms were removed at 1, 2, 3, and 4 days after
inoculation of silkworms with M. abscessus, and the
number of viable M. abscessus cells in the fat bodies
was determined (Figure 4A). The number of viable M.
abscessus in the fat bodies of silkworms at 2, 3, and 4
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days after inoculation with M. abscessus was higher than
that at 1 day (Figure 4B). These results suggest that the
fat body of the silkworm is the target of M. abscessus
during infection.

In this study, M. abscessus accumulation was
observed in the fat bodies of the silkworms. These foci
differ from those of caseation necrosis, which are formed
from aggregates of dead cells. A biofilm of M. abscessus
complex in the pathologically thickened alveolar wall of
the explanted lung of a patient with cystic fibrosis was
observed (24). The foci of M. abscessus accumulation
found in the infected silkworms were similar to those
found in the lungs of a patient with cystic fibrosis. The
establishment of a silkworm model of caseation necrosis
caused by M. abscessus will be an important subject for
future research.

In conclusion, we performed histopathological
analysis of silkworms infected with M. abscessus and
observed the accumulation of M. abscessus in their fat
bodies. Furthermore, the number of viable M. abscessus
cells in the fat bodies of silkworms infected with M.
abscessus increased. These results suggest that M.
abscessus grows in the fat bodies of the silkworms.
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