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The study deals with the intricate and underexplored
issue of species identification within the genus Diplos-
capter, focusing particularly on D. coronatus — a nem-
atode with rare yet notable presence in human speci-
mens?. The authors combine classical morphological
observation with molecular approaches, namely SSU
rRNA and Hsp90 gene sequencing, to evaluate a nema-
tode isolated from a patient with Henoch-Schonlein pur-
pura. While the study offers a snapshot of the complex-
ities involved in identifying Diploscapter species, it also
highlights broader challenges in nematode taxonomy that
warrant further exploration.

One of the most significant insights emerging from this
work is the discordance between morphological identifi-
cation and molecular phylogeny. Despite morphological
alignment with D. coronatus, the Hsp90-based phyloge-
netic placement within the D. lycostoma cluster reveals
potential limitations in both gene-targeted analysis and
the current state of the genetic database. This finding
reflects a common issue in parasitology: using only one
gene or morphometric approaches often isn’t enough to
clearly identify species, especially in groups that look
very similar and have little genetic information avail-
able. The authors point out the lack of comprehensive
reference data for Diploscapter species. So far, only three
species (including the newly described D. formicidae)
have been well-characterized in genetic databases. This
lack of information makes it hard not only to correctly
identify species but also to understand which hosts they
inhabit and how they have evolved. Furthermore, one
sample can be placed into two different species groups
depending on which gene (SSU rRNA or Hsp90) is used.

This shows that using just one gene may not be reliable,
and studying many genes or even the whole genome is
important — especially when the species might affect
human health.

Notably, while males are generally thought to be absent
in the genus Diploscapter, the study reports their pres-
ence. This rare discovery is important. If more examples
of male reproductive features can be found and studied
in Diploscapter, it could lead to new ways of identifying
species — not just by looking at genes, but also by in-
cluding differences in how they reproduce. Another im-
portant point is the idea that the host an organism lives
with, along with its environment, might influence how
related species are grouped in evolutionary trees. Some
Diploscapter species, like D. formicidae and D. lycostoma,
have been found in ants. This could suggest a hidden pat-
tern of co-evolution between these nematodes and their
hosts, which we haven’t fully understood yet because
there haven’t been many studies or reports. Human in-
fections are very rare, so each case is especially valuable.
The authors’ report of a specimen found in a human is an
important finding. These findings serve as both a warn-
ing and a reminder that we need to do more. Accurately
identifying nematode species — especially in groups
like Diploscapter — requires strong and varied methods.
To move forward, we need to expand genetic databases,
use physical characteristics more consistently, and make
genetic testing easier to access in parasite research and
diagnosis.

This study is highly valuable for its careful and clear
investigation of a topic that is important to both biology
and medicine. The study contributes important new data
and raises intriguing questions for future research: How
many different Diploscapter species are there really? Can
the type of host they live in or the shape of male features
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help us tell them apart? And how can we make sense of
differences between genetic data and physical traits?

This study shows that identifying species is not just a
technical task — it also challenges how we understand
and interpret what we see, especially with the limits of
the tools we currently have. In this way, the research
takes an important step toward a deeper and more com-
plete understanding of a group of nematodes that we still
know little about, but that are important in biology.

References

1) Watthanakulpanich D, Anantaphruti MT, Maipanich W.
Diploscapter coronata infection in Thailand: report of the
first case. Southeast Asian ] Trop Med Public Health. 2005;
36 (Suppl 4): 99-101.



| Laboratory Medicine International | 4 (2) | 2025 |

Short Communication

Analysis of food allergy history of patients who developed

mild allergic transfusion reactions

TKatsuhiro Taukano*, Kazuha Tohbo*?, Hiroshi Nakamura™?,
Toshiaki Shirai*!, Takako Kobayashi*?, Yuko Nakajima™’,

Junichi Hara*!, Kanji Sugita™?, 1Katsue Suzuki-Inoue*!’

tCorrespondence: Department of Clinical and Laboratory Medicine, Faculty of Medicine, University of Yamanashi, 1110

Shimokato, Chuo, Yamanashi 409-3898, Japan. E-mail: katsuei@yamanashi.ac.jp

Received March 6, 2024; accepted March 13, 2025

*1Department of Blood Transfusion and Cell Therapy, University of Yamanashi Hospital, 1110 Shimokato, Chuo, Yamanashi 409-

3898 Japan

*2Yamanashi Red Cross Blood Center, 1-6-1 Ikeda, Kofu 400-0062 Japan

*3Department of Nutritional Management, University of Yamanashi Hospital, 1110 Shimokato, Chuo, Yamanashi 409-3898 Japan
*4Department of Pediatrics, Faculty of Medicine, University of Yamanashi, 1110 Shimokato, Chuo, Yamanashi 409-3898 Japan
*5Department of Clinical and Laboratory Medicine, Faculty of Medicine, University of Yamanashi, 1110 Shimokato, Chuo,

Yamanashi 409-3898 Japan

ABSTRACT

We examined the history of food allergy (FA) in patients at the University of Yamanashi Hospital who were
hospitalized from 2019 to 2021 and developed allergic transfusion reactions (ATRs) . One hundred fifty-seven
patients developed mild ATRs, among which 22 patients had a history of FA. Out of the 157 patients, 30 patients
received red blood cell (RBC) transfusion, among which 20.0% (6/30) had FA. Thirty patients received fresh
frozen plasma (FFP) transfusion, and 23.3% (7/30) of them had FA. Ninety-seven patients received platelet con-
centrate (PC) transfusion, and 9.3% (9/97) of them had FA. The FA history-positive rate was 21.7% (13/60) in
patients who developed mild ATRs after RBC or FFP transfusion, which was significantly higher than that (11.1%,
4,380/39,473) in all patients hospitalized and that in patients without any adverse transfusion reactions (3.1%)
during the same periods. We suggest the possibility that allergic food antigens included in blood products might
partly (maximally 10%) be involved in the occurrence of mild ATRs after RBC or FFP transfusion. Despite the
higher incidence of ATRs after PC transfusion, the involvement of FA was not demonstrated probably because

more multimodal factors are implicated in ATRs after PC transfusion.
(Lab Med Int 2025; 4(2): 49-53)

allergic transfusion reactions, food allergy history, allergic predisposition

LIntroduction...........coooiiiiiiiiiiiiiiiiaeia..

Transfusion adverse reactions are classified as hemolyt-
ic side effects, non-hemolytic side effects, and infections.
Non-hemolytic transfusion reactions are classified as
allergic transfusion reaction (ATR), febrile nonhemolytic
transfusion reaction (FNHTR), transfusion-related acute
lung injury (TRALI), transfusion-associated circulatory

overload (TACO), hypotension, bacterial sepsis, and oth-
ers??,

Among them, allergy (allergic transfusion reactions;
ATRs) is the most frequent and mild-symptomatic
transfusion reaction?. An allergy occurs if the immune
response shows excessive reactions to eliminate foreign
antigens. However, most of the causes of allergy to trans-
fusions have not been elucidated. The only known cause
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of allergy to blood transfusions is in patients deficient
of plasma proteins (IgA or haptoglobin), who produce
antibodies to these proteins due to previous blood trans-
fusions®- ¥ . Food allergy (FA) is also an allergy elicited
through antigen-specific immunological mechanisms in-
duced by food.

In this study, we investigated the association between
allergy after blood transfusion and a history of food aller-
gy in patients who underwent blood transfusion at the
University of Yamanashi Hospital.

II. Methods and subjects.......................oin

This study was judged by the Ethics Committee of the
University of Yamanashi School of Medicine as not re-
quiring ethical review. For a period of three years from
January 2019 to December 2021, we studied patients
who underwent blood transfusion and developed trans-
fusion adverse reactions at the University of Yamanashi
Hospital. During this period, 14,146 red blood cell (RBC)
products, 7,896 fresh frozen plasma (FFP) products, and
6,595 concentrated platelet (PC) products were trans-
fused to the patients. All blood products including RBC,
FFP, and PC were transfused based on Guideline for the
use of RBC products®, FFP®, and PC?, respectively.
As a result, 247 patients developed transfusion adverse
reactions. Some patients developed the adverse reactions
following transfusion of more than one product (.e., FFP,
RBCs, and platelets) . We observed 157 patients who de-
veloped allergy after transfusion of a single product.

Classification of adverse transfusion reactions was de-

termined by a physician based on the guideline of the
Japan Society on Transfusion Medicine and Cell Therapy
as shown in Supplemental Table 1¥. “Allergic adverse
reactions (ATRs)” refer to adverse transfusion reactions
with? pruritus,” flushing,” urticaria. When patients are
served allergen-free meals during hospitalization, they
are assumed as patients with food allergies.

We compared the FA history of these 157 patients who
developed allergy reactions with that of all hospitalized
patients (39,473 patients) . For this, the statistical meth-
od chi-square test was used (p < 0.05 was considered to
show a significant difference) .

The all-inpatient data including ages, gender, and their
afflicted disease were from the hospital statistics of
University of Yamanashi Hospital shown in the home-
page (https://www.hosp.yamanashi.ac.jp/wp-content/
uploads/2022/12/17d3e528¢c13ac6d071ec4dbf0a9b801d-1.
pdf).

IIL REeSUItS. oottt

Breakdown of adverse blood transfusion reactions
Among 247 patients who developed transfusion reac-
tions, no hemolytic adverse reactions were observed, and
all were non-hemolytic. Excluding patients who under-
went transfusion of multiple products, 200 patients (339
cases) developed adverse transfusion reactions (Table
1A). Among these 339 cases, 0.44% (62 cases) devel-
oped adverse reactions after RBC transfusion, 0.72% (57
cases) after FFP transfusion, and 3.34% (220 cases)
after PC transfusion. Furthermore, among the 339 cas-

Table 1A Types of Adverse Blood Transfusion Reactions

No. of No. of patients by blood transfusion products
No. of cases C .
patients*1 RBC FFP PC

Non-hemolytic blood 339 200 57 (62cases) 37 (57 cases) 106 (220 cases)
transfusion reactions*2
of the above minor reactions 330 193 55 (96.5%) 33 (89.2%) 105 (99.1%)
of the above allergy 286 157 30 (54.4%) 30 (90.9%) 97 (92.4%)

. 22 6/30 (20.0%) 7/30 (23.3%) 9/97 (9.3%)
of the above allergy with FA 58 (14.0%) 13/60 (21.7%)

*1 Patients who had separate reactions with different blood products were counted as separate patients.

*2 Excluding compound blood product administration

RBC,; red blood cells, FFP: fresh frozen plasma, PC; platelet concentrates, FA; food allergy

Table 1B Percentage of FA patients in patients without adverse
transfusion reactions and in all in-patients (2019 —21)

All patients ~ FA patients ~ Percentage
Patlents_Wlthout _adverse 2830 39 31%
transfusion reactions
All in-patients 39473 4380 11.1%
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es (200 patients), 330 cases (193 patients) were mild.
Among the mild 330 cases (193 patients), 286 cases (157
patients) were allergic (mild ATRs) (Table 1A).
Association between FA history and adverse reac-
tions to blood transfusion

Among the 157 patients who developed allergy reac-
tions after transfusion, 14.0% (22/157) have an FA his-
tory. Furthermore, among these 157 patients, 30 patients
received RBC transfusion and 20.0% (6/30) of them
had a history of FA. Thirty patients received FFP trans-
fusion, and 23.3% (7/30) of them had a history of FA.
Ninety-seven patients received PC transfusion, and 9.3%
(9/97) of them also had a history of FA (Table 1A).

During the study period, the total number of hos-
pitalized patients was 39,473, among which 11.1%
(4,380/39,473) had an FA history (Table 1B). Compared
with this, the percentage of patients with a history of FA
in RBC transfused or FFP transfused patients (21.7%)
was significantly higher (p = 0.042). FA history rate of
the patients who underwent blood transfusion without
any adverse transfusion reactions was also investigated
(Table 1B), and was 3.1% (89/2830), much lower than
the FA rate of the ATR patients with FFP/RBC trans-
fusion (21/7%) (p = 2.12 X 103). On the other hand,
there was no significant difference in the FA history rate
between the PC transfused patients and all hospitalized
patients.

Table 2 shows a list of foods (the number of patients in
parentheses) excluded from allergen-free meals during
their hospitalization.

Baseline characteristics

Baseline characteristics of the patients with ATRs and
all the hospitalized patients were shown in Supplemental
Figures 1 and 2. Age structure in increments of 5 years
of the ATR patients (157) and all inpatients from 2019 to
2021 are shown in Supplemental Figure 1A, B. we found
no difference of the ratios of 0 ~4 years old patients
between the 2 groups (p = 0.981, proportion z-test with

Yates’ continuous correction). Moreover, there is no
statistical significance of all the patient age compositions
between the 2 groups (p = 0.999, paired T test). There-
fore, higher percentage of FA in the ATR patients is not
because of higher percentage of infants.

As for gender, the male ratio was not different between
in the ATR group and in the all-inpatient group (p =
0.262, proportion z-test with Yates’ continuous correc-
tion) (Supplemental Figure 1C).

Supplemental Figure 2 shows that disease composi-
tions of the 2 groups are different from each other. Six-
ty-nine % of the ATR patients was malignant neoplasm
patients, whereas only 31% in the all-inpatient group. As
expected, most of malignant tumor in the ATR group is
hematological tumor. This is followed by Hematologic
disease except for neoplasm, which is included in Others
due to only a limited percentage in the all inpatient group.

IV, DiSCUSSION. . oot

Although ATRs are the most frequent transfusion-relat-
ed adverse reactions, the search for the cause is not usu-
ally carried out in mild cases, and thus the mechanism is
not fully understood? . However, previous reports sug-
gest that allergic constitution such as bronchial asthma,
hay fever, atopic dermatitis, and food allergy are closely
related to the development of ATRs!-12,

The prevalence of FA in Japan is reported to be 4.0 -
16.7% in infancy, 1.3 - 4.5% in school-age children, and
less than 5% after school age'®. However, after the
school age, infants with FA often find it possible to in-
gest the food they are allergic to. Ebisawa et al. reported
that the cumulative food allergy incidence was 64.5% in
2-year-old children, 80.3% in 5-year-old children, and
90.1% in 10-year-old children based on a survey of 2,954
cases'. On the other hand, the precise percentage of
those with a history of FA in the general population is
unknown. In this study, by examining the number of pa-
tients who were served allergen-free meals, we found

Table 2 A list of foods excluded from allergen-free meals during the hospitaliza-

tion (the number of patients)

Fruits (5)

Soybeans (1)

Fish (1)

Peach (1)

Soy milk (1)

Mackerel (4)

Grapefruits (5)

Fermented soybeans (1)

Shrimps, crabs (4)

fresh vegetables (1) Nuts (1)

Tomato (2)

Egg white (2)

Mushrooms (1)

dairy products (2)

Bracken (1)

Cow milk (2)

*With duplicate entries
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that approximately 10% of inpatients at the University of
Yamanashi Hospital have a history of FA.

There is no difference in the infant ratios between the
ATR patient and all inpatient groups (Supplemental
Figure 1A, B). Therefore, higher percentage of FA in
the ATR patients is not because of higher percentage of
infants.

The FA history-positive rate was 3.1% (89/2830) in
patients who did not develop adverse transfusion effects
after blood transfusion, which was significantly lower
than that in patients who developed ATRs after RBC or
FFP transfusion (21.7%, 13/60) (p = 2.12 X 10%). This
rate (3.1%) is also significantly lower than the ratio in
all patients in (11.1%, 4,380/39,473) (p = 3.88 X 10%).
These findings further support that food allergy is at least
one of the causes of ATR.

Despite allergen-free meals, if the patient remains sen-
sitized, the allergic reaction may be triggered when the
allergen in the food enters the body from blood donors
through blood transfusion. However, there have only
been a few reports on ATR, probably because of the diffi-
culty in identifying the causative food. Previous case re-
ports identified that blood recipients with a history of al-
lergy to peanuts or shrimp suffered ATR and anaphylaxis
due to the transmission via blood products of the antigens
ingested by blood donors'-'® . In this study, we reported
that the rate of FA history in patients who developed mild
ATRs after receiving RBCs/FFP was significantly higher
than that in other hospitalized patients. We suggest that
some (up to 10%) of RBC- and FFP-related ATRs may
have been induced by food antigens in the donor serum.
On the other hand, the pathogenic mechanisms of PC-re-
lated ATRs, which have a very high incidence, are more
diverse (e.g., involvement of blood cell-derived cyto-
kines). The involvement of food antigens was relatively
low.

Ebisawa et al. reported that most frequent causative
foods for immediate food allergy were hen’s egg (39.0%),
cow’s milk (21.8%), and wheat (1.7%)'¥. However, in
this study the most frequent causative foods were grape-
fruits, shrimps/crabs, and mackerel (Table 2), which
may be due to differences in age groups.

In conclusion, we found that the FA history-positive
rate was 21.7% in patients who developed mild ATRs af-
ter RBC/FFP transfusion, which was significantly higher
than that in all hospitalized patients (11.1%) and that
in hospitalized patients without any adverse transfusion
reactions (3.1%). We suggest the possibility that allergic
food antigens included in blood products might partly
be involved in the occurrence of mild ATRs, although a

large-scale study is required to clarify the role of FA in
the development of mild ATRs.
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ABSTRACT

We present a possibly unique autopsy case of fatal aortopulmonary fistula associated with subclinical infectious
aortitis in an elderly man. After 6-week antifungal therapy for candidiasis in his eyes accompanying leakage from
anastomoses following gastrectomy, B-D-glucan levels remained elevated despite negative blood cultures. Six
weeks after completion of the antifungal therapy, he was re-hospitalized for hematochezia possibly due to bleed-
ing associated with the anastomosis sites, and arterial embolization was successfully performed. However, about
three weeks after the embolization, he died of hemorrhagic shock due to sudden bloody “vomiting” . Autopsy
revealed no anastomosis-related bleeding but an unexpected non-aneurysmal Candidal aortitis-related aortopul-
monary fistula. This had caused massive fatal hemorrhage into the lung parenchyma and resultant bloody “vom-
iting”. We believe that the long-standing elevated -D-glucan level, even with negative blood culture results, may
indicate subclinical fungal aortitis. This may have directly contributed to our patient’s death, although such a fatal

event may be rare.

(Lab Med Int 2025; 4(2): 54-61)

Aortopulmonary fistula, f-D-glucan; candidiasis, infectious aortitis

LIntroduction..........coooiiuiiniiiiiiii i

Infectious aortitis (IA) is an uncommon disease causing
mycotic or infectious aneurysms, but it is also known to
provoke life-threatening aortic rupture or perforation due
to infection-related aortic wall fragility even without an-
eurysm formation.”’”” Common causes of primary aortic
infection include bacterial pathogens such as Staphylo-
coccus, Streptococcus, and Salmonella species.” Fungal

pathogens -- such as Candida, Aspergillus, Cryptococcus,
or Histoplasma -- may cause aortic infection, too, albeit
infrequently.?®®-1¥ From the therapeutic point of view,
early detection and diagnosis of IA are clinically required.
However, the antemortem diagnosis of IA is challenging
in cases without aneurysmal changes because patients
with non-aneurysmal IA are often asymptomatic and lack
specific manifestations.”* %7 Here, we describe the
unique clinicopathological features of a case (an elderly
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man) with non-aneurysmal IA. Autopsy revealed a fungal
aortitis-associated aortopulmonary fistula contributing to
massive pulmonary hemorrhage. We also reviewed the
laboratory data obtained in the present case for findings
that might aid the detection of subclinical fungal aortitis.

II. Case presentation..................ccovveenn...

Patient: A 79-year-old man
Past history: Diabetes mellitus, gastric cancer, rectal can-
cer

The patient developed leakages at two intestinal sites
with localized abscess-formation during the post-opera-
tive course of laparoscopic total gastrectomy for gastric
cancer. Culture from the drainage fluid collected on
post-operative Day-3 and blood cultures on post-opera-
tive Day-12 revealed positive results for Candida albi-
cans. Candida infection-related endophthalmitis was also
diagnosed. A six-week antifungal therapy regimen was
instituted. This led to shrinkage of the abscess cavity
near the leakage site, and thereafter blood cultures were
negative for Candida. The serum (1 — 3)-B-D-glucan
(BDG) level, which was 757 pg/mL (normal range: <
20 pg/mL) at the time of the first positive blood culture
(post-operative Day-13), decreased to 133 pg/mL after
completion of the antifungal therapy (post-operative Day-
86) . The patient was considered to be recovered and was
discharged 3 months after the gastrectomy, but he was
re-hospitalized for hematochezia 10 days after discharge.
Laboratory data obtained at re-hospitalization showed
anemia (Hb 4.5 g/dL), a normal white blood-cell count
(4,900/uL), and an elevated serum C-reactive protein
(CRP) level (4.4 mg/dL). On the fourth day of re-hospi-
talization, the serum CRP level had increased to 14.9 mg/
dL, and the serum BDG remained positive (108 pg/mL).

Empiric antibiotic therapy for possible bacterial infection
was initiated, and endoscopy confirmed fresh bleeding
near the previous anastomosis leakage site. The respon-
sible jejunal branch artery was successfully embolized.
Cultures from the central venous catheter tip and urine
were negative. No blood culture was obtained during the
second hospitalization. About three weeks after the em-
bolization (4 months after the gastrectomy), the patient
died of massive hemorrhagic “vomiting”, which was clin-
ically suggested to be attributable to recurrent anastomo-
sis-related bleeding. Clinical course and laboratory data
are summarized in Table 1.

Autopsy revealed no bleeding at anastomosis sites or
other enteric regions, although fresh blood clots were
present in the oral cavity, esophagus, and trachea. The
thoracic aortic wall was severely atherosclerotic but
without obvious aneurysmal dilatation (Figure 1a), and
it was firmly adherent to the left lung surface (Figure
1b-¢). No left hemothorax was found. Histologically, the
aortic wall structure, where it was tightly adherent to the
left lung, was not only fibrously disrupted with scattered
loss of elastic fibers, but also showed a transmural neu-
trophilia with Candida-like fungal growth and fistula for-
mation (Figure 2a-d; 3a-b). A massive blood accumula-
tion was found within the left lung parenchyma, resulting
from aortic hemorrhage caused by this aortopulmonary
fistula. (Figure 3c). Blood influx to the contralateral
lung was also found, and it had probably occurred via
the airway from the left lung. We concluded fungal aor-
titis-related aortopulmonary fistula causing pulmonary
hemorrhage. Autopsy disclosed fungal growth in both
kidneys, but it failed to reveal a similar fungal infection in
the aortic wall other than in the adherent thoracic aorta.

Retrospective evaluation of computed tomography (CT)

Table 1 Summary of clinical course and data.

Post-operative day 00 3" 12 13 14 16 18 23 86 101°* 102°% 104 113 120
WBC ( X 1,000/uL) 5.0 13.7 7.0 7.8 9.6 8.6 9.9 72 47 49 82 52 58 6.7
CRP (mg/dL) 04 26,5 13.6 16.3 25.2 174 10.8 115 48 44 38 149 148 121
Hb (g/dL) 11.9 10.0 10.7 9.0 9.7 8.2 9.1 76 9.0 45 72 89 91 79
BDG (pg/mL) 757 945 133 108
Culture results for +@ +0) o e © -
Antifungal medication MCFG CPEG L-AMB

(~Dayl5) (~Dayl7) (~Day59)

Important events occurring on certain days are indicated as follows: Day 0*: gastrectomy. Day 3 * : anastomosis leakage.
Day 101 * : The patient was re-admitted and IVR (interventional radiology) was administered. Day 102 ¥ : 2" IVR.

Day 120 " : Patient death.

Abbreviations: WBC, white blood cell count; CRP, C-reactive protein; Hb, hemoglobin; BDG, B-D-glucan;
+ (d), positive in drainage fluid; + (b), positive in blood; - (b), negative in blood; - (d) negative in drainage fluid;
-(c) negative at central venous catheter tip; - (u) negative in urine; MCFG, Micafungin; CPFG, Caspofungin;

L-AMB, Liposomal Amphotericin B.



| Laboratory Medicine International | 4 (2) | 2025 |

a b

Figure 1 Gross appearance of the descending aorta a) and the left lung b-c).
a) Severely atherosclerotic thoracic descending aorta without distinct aneurysmal features. Aortic wall was tightly adher-
ent to the left lung, with its detachment from the lung causing a partial tissue defect (arrows).
b) Mediastinal side of the left lung showing partial aortic wall (arrowheads) tightly attached to the lung behind the left

main bronchus (asterisk).

¢) On the cut surface, emphysematous lung changes and dark brown discoloration are present, along with hematoma for-

mation at the site of aortic adhesion (arrow).

revealed progressive enlargement of a shadow outside
the calcified atherosclerotic thoracic aorta with no appar-
ent aneurysmal changes (Figure 4a-d).

IIL. DiSCUSSION . . vt eivee et

Cases with IA are usually at risk of aortic rupture/perfo-
ration via aneurysmal changes, but their aorta infrequent-
ly ruptures without such changes.”-” Non-aneurysmal
IAs may develop a fistula to the esophagus, duodenum, or
jejunum,”* and Orend et al” noted that non-aneurysmal
IAs had perforated in 8% of 54 cases of aortic rupture. In
the current case a non-aneurysmal IA directly penetrated
the left lung, resulting in a massive hemorrhage. The
adherent aortic wall and medial elastic fibers meshwork
were vaguely disrupted by a fungal infection. These find-
ings suggest that the fragility of the infected aortic wall
may have played a critical role in the development of the
fatal aortopulmonary fistula. In addition, at the fistula site
there were severe atherosclerotic changes. These chang-
es may have provoked weakening of the aortic wall and
the formation of a close adhesion to the paraaortic struc-
tures, which can sometimes result in a fistula.’¥ More-
over, the adhesion of Candida species can be triggered by
severe atherosclerosis-related intimal ulceration and/or
coarseness.”

An TA-related aortopulmonary fistula is rare, and our re-
view of the literature disclosed only five cases for which
detailed clinicopathological findings were published
(Table 2)."-® Among these, four cases (all cases with
description) were accompanied by aneurysmal or pseu-
do-aneurysmal aortic changes. The current case lacked
any obvious IA-related aneurysmal changes. The fistula
occurred between the aorta and the left lung in all 6 cas-
es, possibly due not only to its anatomical proximity to
the descending aorta, but also to this being the favored
TA-related fragile site with or without aneurysmal chang-
es. Regarding the pathogen of IA, in all four of the above
cases with description, the IA was caused by bacteria,
while the present case alone was infected by fungus.
BDG was not measured in any of the previous cases.
Three patients died of their disease, suggesting that it is
often a fatal condition. The other 2 patients were alive
after surgery, and in one of these the fistula was detected
fortunately by bronchoscopy. The remaining case was
diagnosed as a fistula by CT scanning for evaluation of
massive bloody “vomiting” . Accordingly, aggressive ex-
amination at the time of hemoptysis or massive bloody
“vomiting” seems likely to lead to the early detection of
an aortopulmonary fistula and contribute to a good prog-
nosis. However, hemoptysis was noted in only half of the
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a, b) In the panoramic image of the aortopulmonary adhesion (a: EVG, b: HE), aortic wall rupture with hemorrhage can

be observed.

¢, d) Aortopulmonary fistula (EVG). ¢) The aortic wall shows degeneration, loss of elastic fibers, and d) eventual rupture

due to complete tear.

Ao: aortic lumen, L: lung, EVG: elastica van Gieson stain, HE: hematoxylin eosin stain

aortopulmonary fistula cases, although this complaint
may have been clinically misdiagnosed as enteric bleed-
ing. Thus, the antemortem diagnosis of aortopulmonary
fistula remains challenging, and is based chiefly on the
patients’ complaints. The absence of a hemothorax may
play a role in an aortopulmonary fistula being difficult to
recognize.

Candida infection can occur after esophageal surgery
and is significantly associated with esophageal anasto-
mosis leakage.!” For establishing a diagnosis of invasive
Candida infection, BDG testing is useful. BDG is a major
fungal cell-wall polysaccharide and its measurement is
based on the G-test, which has the same origin as the
Limulus Amebocyte Lysate cascade reaction.?”?" In this
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Figure 3
a) The panoramic image of the infected aorta shows diffuse inflammation and proliferations of Candida-like fungi in the
atherosclerotic plaque (arrows). In the magnified view of the aortic wall shown in the inset, a marked infiltration of
neutrophils can be observed (Periodic Acid-Schiff stain) .
b) Candida-like fungi are highlighted particularly in the atherosclerotic plaque (arrows) (Grocott stain). In the inset,
characteristic branching Candida-like hyphae can be observed.
¢) In low magnification image of the peripheral left lung, diffuse accumulation of blood is observed in the alveolar space.

Figure 4
CT images obtained at the onset of candidiasis (a, b), and at 19 days before death (¢, d). An obvious periaortic shadow
(arrowheads) is observed in ¢) and d) versus a) and b).



| Laboratory Medicine International | 4 (2) | 2025 |

Table 2 Clinicopathological features of infectious aortitis-related aortopulmonary fistula with or without aneurysmal changes.

Case 1 Case 21 Case 319 Case 47 Case 5% Present case
Age (yrs)/gender 80/F 85/F 25/M 59/F 40/F 79/'M
Chief complaint Unknown  Unknown  Toothache Massive bloody ~ Bloody vomiting” Bloody vomiting *
vomiting
Immunocompromised Unknown  Unknown  Ludwig angina and Advanced hepatic Unknown DM, Anastomosis
state or antecedent mediastinitis alcoholic liver insufficiency after
condition cirrhosis, DM gastrectomy
Diagnosis of [A Autopsy Autopsy Surgery CT scan Thoracic explora- Autopsy
tion
Diagnosis of fistula Autopsy Autopsy Bronchoscopy* and  CT scan Bronchoscopy®  Autopsy
subsequent surgery and subsequent
surgery
Hemoptysis Unknown  Unknown  Present Present Present” Present
Pathogen of [A Cocci Unknown K pneumoniae, Streptococcus Acid fast bacilli ~ Candida albicans
(details P. aeruginosa, agalactiae
unknown) H. aphrophilus,
S. epidermis
Aortic dilatation and/  Present Present Unknown Present (saccular Present (saccular Absent
or aneurysm associated (pseudoan- (pseudoan- aneurysm) aneurysm)
with fistula eurysm) eurysm)
Hemothorax Absent Absent Unknown * Unknown Absent Absent
Location of fistula DAtoLL DAtoLL DA toLL (lower lobe) DA toLL DA to LL (lower DA to LL (lower
lobe) lobe)
Outcome DOD DOD Alive after surgery Alive after sur- DOD DOD

gery

Abbreviations: CT, computed tomography; DA, descending aorta; DM, diabetes mellitus; DOD, dead of disease (aortopulmonary fis-
tula); F, female; H, Hemophilus; 1A, infectious aortitis; K, Klebsiella; LL; left lung; M, man; P, Pseudomonas; S, Staph-

ylococcus; yrs, years.

* This hemorrhage was clinically misdiagnosed as duodenal ulcer-related bloody vomiting.

" This hemorrhage was clinically misdiagnosed as anastomosis leakage-related bloody vomiting.

 Bronchoscopic examination for evaluation of hemoptysis.
§ Purulent pleural effusion in the left thoracic cavity.

procedure, BDG activates Factor G, a serine protease
zymogen found in the amebocytes of horseshoe crabs
(Limulus) . Activated Factor G then initiates a cascade of
enzymatic reactions, and this results in the formation of
an insoluble chromogenic substrate, which is measured to
quantify BDG levels by either turbidimetric time analysis
or synthetic substrate methods.??’ In our review of the
laboratory data obtained in the current case, a negative
blood culture was confirmed during the initial antifungal
therapy, but the serum BDG levels were persistently
elevated. Retrospective viewing of CT images revealed
a progressive periaortic attenuated shadow outside the
calcified aortic wall, which is considered one of the di-
agnostic imaging clues for infectious aortitis.”’?” These
findings suggest that a persistent deep-seated Candida
infection provoked the aortitis in the present case. In-
deed, fungal IA may be present even if the cultures are

negative.?¥? For detecting invasive candidiasis, the
sensitivity of antemortem blood cultures has been found
to be as low as 38% (in an analysis of 13 studies),*’
whereas that of serum BDG is higher at 75% (in 11 stud-
ies),” and Nguyen et al** highlighted the superiority of
BDG versus blood culture. Therefore, a persistent BDG
elevation may be the most reliable evidence of a subclin-
ical prolonged fungal infection. However, it is important
to note that false-positive results can occur due to the
presence of hemodialysis, human blood products (albu-
min, immunoglobulin, coagulation factors, plasma protein
fractions), surgical gauze, antibiotics (such as piperacil-
lin-tazobactam and ampicillin-clavulanate), or systemic
bacterial infections,” while false-negative results may
be observed in infections caused by Cryptococcus, zygo-
mycetes, and Blastomyces dermatitidis.*>?? If results do
not match the clinical course, further examination using
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nucleic acid amplification is recommended.?

In conclusion, we describe a rare autopsy case of a
non-aneurysmal Candida aortitis-related fatal aortopul-
monary fistula. A prolonged increase in the serum BDG
level would seem to indicate the possibility of a deep fun-
gal-infection event despite blood cultures being negative.
Our case might also indicate an increased risk associated
with fungal aortitis in severely atherosclerotic patients,
although such cases may be rare.
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ABSTRACT

Aims: Bacteroides fragilis is the most common anaerobic bacteria causing infectious diseases in humans. A ¢fiA
gene encoding metallo-B-lactamase, which degrades carbapenem, has been reported as a resistance mechanism
against carbapenem. Therefore, the detection of ¢fiA gene is important for determining appropriate antibiotic
therapy. Although cfiA gene is detected via polymerase chain reaction (PCR), simpler and easier methods are
required in clinical settings. We compared the detectability of cfiA-positive B. fragilis using multiple methods.
Moreover, the isolation frequency of carbapenem-nonsusceptible Bacteroides spp. was evaluated.
Methods: Bacteroides spp. was isolated from clinical specimens at the Kanazawa University Hospital. Antimicro-
bial susceptibility testing was performed via broth microdilution. We explored whether matrix-assisted laser de-
sorption ionization—time of flight mass spectrometry (MALDI-TOF MS) and modified carbapenem inactivation
method (mCIM) can show ¢fiA gene positivity.
Results: Around 20-50 Bacteroides spp. strains/year were isolated from June 2015 to December 2020. Among
these, 0-8 strains exhibited meropenem and/or imipenem nonsusceptibility (intermediate and resistant) in each
year. An increased rate of carbapenem resistance, including meropenem- and imipenem-nonsusceptible Bacteroi-
des spp., was observed. All carbapenem-nonsusceptible Bacteroides spp. were susceptible to metronidazole. Four
(66.7%) of 6 strains showed ¢fiA gene positivity based on PCR.
Conclusions: MALDI-TOF MS and mCIM detected cfiA-positive strains. MALDI-TOF MS and mCIM are useful
for detecting cfiA-positive B. fragilis. Because the isolation frequency of carbapenem-nonsusceptible Bacteroides
spp. is increasing, determining their susceptibility is important for appropriate antimicrobial therapy.

(Lab Med Int 2025; 4(2): 62-68)

Bacteroides spp., carbapenem resistance, c¢fiA gene

X pathogenic bacteria for humans in diseased conditions.
L Introduction..........ccooiiiiiiiniiiii it ] o ] . .
In particular, antimicrobial-resistant Bacteroides spp.

Bacteroides spp. are anaerobic bacteria that form normal infection reportedly shows poor prognosis and prolonged

microbiota in the intestinal tract. They are important hospitalization? . Bacteroides fragilis is the most common
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anaerobic bacteria causing infectious disease in humans 2.
Carbapenem resistance in B. fragilis was first reported
in 1983 in Japan® and in 1986 in the United States®.
Although their resistance mechanism to carbapenem
remains unclear, the involvement of ¢fiA gene encoding
metallo-B-lactamase (MBL), which degradates carbapen-
em, has been reported”. Considering the poor prognosis
of carbapenem-resistant B. fragilis infection, the detec-
tion of ¢fiA gene is important. While ¢fiA gene is detected
via polymerase chain reaction (PCR), this method is
available only in some hospitals. Therefore, simpler and
easier methods are required in clinical settings. In this
study, the detectability of c¢fiA-positive B. fragilis was
compared using multiple methods. Moreover, the isola-
tion frequency of carbapenem-nonsusceptible Bacteroides
spp., especially cfiA-positive strains, was evaluated.

II. Materials and methods ...,

Strains and identification

Bacteroides spp. were isolated from clinical specimens
at the Kanazawa University Hospital between June 2015
and December 2020. The specimen was applied and
cultured on brucella agar medium (Kyokuto, Tokyo, Ja-
pan) for 2 days under anaerobic conditions at 35°C . The
isolated strains were identified using a Bacteroides Bile
Esculin agar (BBE Agar, Kyokuto Pharmaceutical Indus-
trial Co., Ltd., Tokyo, Japan) and AccuDia™ Bacteroides
Agar (BA, Shimadzu Diagnostics Corporation, Tokyo,
Japan) according to the each directions. B. fragilis group
were identified by the change of only BBE Agar color
from dark brown to black that appears as zones around
the colonies. Non-B. fragilis group were identified by the
growth on BA and no color change in BBE Agar. Those
that grew under aerobic conditions were excluded. Eight
carbapenem-nonsusceptible strains, which were stored
at our hospital, were re-identified using matrix-assisted
laser desorption ionization—-time of flight mass spectrom-
etry (MALDI-TOF MS) (MALDI Biotyper, Bruker, Bil-
lerica, MA, USA). The strain was applied to the MSP 96
target polished steel BC (Bruker). After drying, 1 uL of
70% formic acid (Beckman Coulter, Brea, CA, USA) was
added. Then, the sample was loaded into MALDI Biotyp-
er after 1 uL of HCCA portioned (Bruker) was added.
The spectra were analyzed using the MALDI Biotyper
Compass software (MBT Compass software) (Bruker)
following the manufacturer’s instructions.

Antimicrobial susceptibility testing
The strain was suspended in ABCM broth (Eiken
Chemical Co., Ltd., Tokyo, Japan) and adjusted with Mc-

Farland 2 standards. Then, 25 uL of sample were applied
to Brucella Broth Eiken (Eiken Chemical Co., Ltd.).
After 100 uL of the bacterial solution was added to Dry
Plate Eiken (Eiken Chemical Co., Ltd.), the plate was
incubated under anaerobic conditions at 35°C for 48 h. Af-
ter 48 h, the growth of the strain was visually observed.
The minimum inhibitory concentration (MIC) and inter-
pretive category were determined according to the Clinical
and Laboratory Standards Institute M100-ED32 ©. The
additional MIC measurement of metronidazole (MNZ)
was performed on 8 carbapenem-nonsusceptible strains,
which were stored at our hospital.

cfiA gene detection

cfiA gene was detected via PCR. DNA extraction was
prepared as follows. The strains were suspended in 200 pL
of sterilized water. Then, 5 uL of proteinase K (350 U/mL,
Takara Bio Inc., Shiga, Japan) was added, followed by incu-
bation at 50°C for 5 min. After 7 min of incubation in a boil-
ing water bath, the lysate was centrifuged at 10,000 rpm
for 5 min. Then, the supernatant was used as a template.
The primers were 5-CCCAACTCTCGGACAAAGTG-3’
and 5’-ACGATCTGCTTGGTATGCTC-3’”. PCR was
performed using 1 pL of template DNA in a total reaction
volume of 25 uL consisting of EmeraldAmp PCR Master
Mix (Takara Bio Inc., Shiga, Japan) and 25 pmol of each
primer. Reactions were run in a thermal cycler (Biometra,
Gottingen, Germany). The PCR program was as follows:
98°C for 60 s; 30 cycles of 98°C for 10 s, 56°C for 30 s,
and 72°C for 60 s; and 72°C for 60 s. Then, 5 pL of ampl-
icon was analyzed using 2% agarose gel. Strains in which
an amplicon was observed at 625 bp were determined to
have c¢fiA gene.

Detection of cfiA-positive B. fragilis by MALDI-TOF
MS

MALDI Biotyper was used in the same way as for
bacterial identification. The MALDI Biotyper Subtyping
Module with the MBT Compass software automatically
identifies not only bacterial species but also possession
of ¢fiA gene. Peaks shifts were reported from 4711 Da
and 4817 Da (cfiA-negative) to 4688 Da and 4826 Da
(¢fiA-positive) , respectively® . Strains that matched with
the spectra of cfiA-positive B. fragilis were considered
“presumptive ¢fiA-positive”.
Detection of cfiA-positive B. fragilis using modified
carbapenem inactivation method

We identified carbapenemase-producing B. fragilis us-
ing modified carbapenem inactivation method (mCIM)®
with a few changes. Briefly, 1 uL of inoculation loop of
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anaerobically cultured strain was firmly suspended in 2
mL of BD BBL™ Trypticase™ Soy Broth (Becton, Dick-
inson and Company, New Jersey, USA). A meropenem
(MEPM) or imipenem (IPM) disk (Eiken Chemical Co.,
Ltd.), each containing 10 pg of antibiotic, was added and
suspended. After incubation under anaerobic conditions
at 35°C for 4 h, the disk was removed from the suspen-
sion and placed on a BD BBL™ Muller-Hinton II agar
medium (Becton, Dickinson and Company, New Jersey,
USA) inoculated with a susceptible Escherichia coli indi-
cator (ATCC25922). After incubation under aerobic con-
ditions at 35°C for 24 h, the diameter of growth inhibition
zones was measured. MBL-producing Klebsiella pneu-
moniae was used as a positive control in mCIM analysis.
The negative control was a culture medium only.

Number of patients
Therapy

Antimicrobial therapy

Treatment with noneffective
carbapenems

IIL. ReSultS.....oovniiiiit e

Patient characteristics

The study period is from June 2015 to December 2020.
Carbapenem-nonsusceptible Bacteroides spp. were de-
tected in 17 patients. The mean age of patients was 65.0
years, and 10 patients (59.0%) were female. Their un-
derlying diseases were malignant tumors (11 patients,
64.7%), gastrointestinal disorders (6 patients, 35.3%),
and hepatobiliary diseases (4 patients, 23.5%). The
strains were detected from pus (9 patients, 52.9%), ab-
dominal cavity and subdiaphragmatic drains (4 patients,
23.5%), bile (3 patients, 17.6%), and blood (1 patient,
5.9%) . Fifteen specimens (88.2%) were of abdominal
origin. Fourteen patients were treated, and 11 patients
(78.5%) received antimicrobials. Especially, 7 (63.6%) of

(Patients)

Figure 1 Treatment of patients infected with carbapenem-nonsusceptible Bacteroides spp.
Here, 63.6% of patients were treated with noneffective carbapenems.
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Figure 2 Changes in carbapenem sensitivity from 2015 to 2020
Sensitivity to meropenem (a) and imipenem (b).
An increased rate of carbapenem-nonsusceptible Bacteroides spp. was observed in meropenem and imipenem.
dot: susceptible, oblique line: intermediate, black: resistant, S: susceptible, I: intermediate, R: resistant.
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11 patients were treated with noneffective carbapenems
(Fig. 1).

Isolation frequency of carbapenem-nonsusceptible
Bacteroides spp.

The characters of isolated 233 Bacteroides spp. were
described in Fig. 2. Two hundred strains were B. fragilis
group, and 33 strains were non-B. fragilis group. Around
20-50 strains/year were isolated in Kanazawa University
Hospital. Among these, 0-8 strains exhibited MEPM and/
or IMP nonsusceptibility (intermediate and resistant) in
each year. Although no MEPM-nonsusceptible Bacteroi-
des spp. was detected in 2015, its isolation rate peaked at
16% in 2019 and decreased to 7% in 2020 (Fig. 2a). In
contrast, the frequency of IPM-nonsusceptible Bacteroi-
des spp. increased from 0% in 2015 to 8% in 2020 (Fig.
2b). An increased rate of carbapenem resistance, includ-
ing MEPM- and IPM-nonsusceptible Bacteroides spp.,
was observed during the period.

Antimicrobial susceptibility of carbapenem-non-
susceptible Bacteroides spp.

Nineteen strains of carbapenem-nonsusceptible
Bacteroides spp. were isolated between 2015 and 2020.
Seventeen strains were B. fragilis group and 2 were
non-B. fragilis group. Two patients were positive for
both B. fragilis group and non-B. fragilis group. The
antimicrobial susceptibility of these strains is shown
in Table 1. Eight of 19 strains were available for
susceptibility tests for MNZ. All of the 8 strains were B.
fragilis group and showed susceptibility to MNZ.

Detection of cfiA gene from carbapenem-nonsus-
ceptible B. fragilis

Six of 8 carbapenem-nonsusceptible strains that were
stored at our hospital were re-identified as B. fragilis via
MALDI-TOF MS. The other 2 strains were re-identified
as B. thetaiotaomicron and B. uniformis, respectively. We
investigated whether these 6 B. fragilis strains possessed
¢fiA gene by performing PCR. Four strains (66.7%)
were cfiA-positive. Among the preserved strains, a ¢fiA-
positive strain was identified in 2016 and 2020 in each
and 2 strains were identified in 2019. Then, MALDI-TOF
MS was performed to identify strains with ¢fiA gene
(Table 2) and was compared to mCIM.

MALDI-TOF MS detected strains with cfiA gene

Of 6 B. fragilis isolates, 4 strains were detected as
presumptive ¢fiA-positive based on MALDI-TOF MS.
The other 2 strains were detected as presumptive cfiA-
negative (Fig. 3). The results of ¢fiA-positive B. fragilis
based on MALDI-TOF MS were consistent with those of
cfiA gene based on PCR.

mCIM revealed the susceptibility of strains with/
without cfiA gene

Neither MEPM nor IPM disks inhibited the growth of
E. coli in mCIM analysis of 4 ¢fiA-positive B. fragilis.
In the analysis of the other 2 ¢fiA-negative B. fragilis,
E. coli formed growth inhibition zones around MEPM
disks, with a diameter larger than 20 mm. IPM disks also
inhibited the growth of E. coli in the analysis of 2 ¢fiA-
negative B. fragilis, with growth inhibition zones larger
than 18 mm (Fig. 4).

Table 1 Antimicrobial susceptibility of carbapenem-nonsusceptible Bacteroides spp.

N S (%) I (%) R (%)
S/A 19 3 (15.8) 4 (21.1) 12 (63.2)
T/P 19 9 (47.4) 1(5.3) 9 (47.4)
MEPM 19 2 (10.5) 6 (31.6) 11 (57.9)
IPM 19 9 (47.4) 3 (15.8) 7 (36.8)
CLDM 19 11 (57.9) 0 (0.0) 8 (42.1)
MNZ 8 8 (100.0) 0 (0.0) 0 (0.0)

S/A: sulbactam-ampicillin, T/P: tazobactam-piperacillin, MEPM: meropenem, IPM: imipenem,
CLDM: clindamycin, MNZ: metronidazole, S: susceptible, I: intermediate, R: resistant.

Table 2 Detection results of ¢fiA-positive B. fragilis via MALDI-TOF MS and mCIM

cfiA gene by PCR MALDI-TOF MS el N
MEPM (mm) IPM (mm)

Detected Detected 0 0 4

Not detected Not detected = 20 > 18 2

PCR: polymerase chain reaction, MALDI-TOF MS: matrix-assisted laser desorption
ionization-time of flight mass spectrometry, mCIM: modified carbapenem inactivation method,

MEPM: meropenem, IPM: imipenem.
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Figure 3 MALDI-TOF MS peaks of ¢fiA-negative and cfiA-positive B. fragilis.
White arrows indicate peaks of c¢fiA-positive B. fragilis. Black arrows indicate peaks of ¢fiA-negative B. fragilis.

cfiA-positive

cfiA-negative

Strainl Strain2 Strain3 Strain4 Strain5 Strain 6 NC PC

MEPM
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Figure 4 Results of modified carbapenem inactivation method
B. fragilis strains 1, 2, 3, 4 were cfiA-positive, whereas strains 5 and 6 were cfiA-negative. NC is the result of a bacte-
ria-free test. PC is the result of metallo-B-lactamase-producing Klebsiella pneumoniae.
MEPM: meropenem, IPM: imipenem, NC: negative control, PC: positive control.

IV. DiSCUSSION. ..o vveieie et

The isolation frequency of carbapenem-nonsuscepti-
ble Bacteroides spp. was investigated, and methods for
detecting cfiA-positive B. fragilis were examined. This
study revealed that the maximum isolation frequency of
MEPM- and IPM-nonsusceptible Bacteroides spp. was
16% and 8%, respectively. The isolation rate of carbap-
enem-nonsusceptible Bacteroides spp. increased over
the past 6 years. Recent reports indicate that carbapen-
em-nonsusceptible Bacteroides spp. have been isolated
in some countries with various frequencies” V. The
increased frequency of carbapenem-resistant Bacteroides
spp. was also reported in some studies”'?*¥, The isola-
tion frequency increased similar to that reported in other
studies in Japan”. Therefore, monitoring the isolation

frequency of carbapenem-nonsusceptible Bacteroides
spp. 1s important in hospitals. Moreover, the detection of
carbapenem-nonsusceptible Bacteroides spp. is important
for determining appropriate antibiotic therapy. We should
have investigated the isolation frequency of carbapen-
em-nonsusceptible B. fragilis. Although MALDI-TOF
MS analysis identify strains to B. fragilis, the equipment
was not available during the study period in our facility.
Therefore, we investigated the isolation frequency of car-
bapenem-nonsusceptible strains in the genus Bacteroides.

The isolation rate of MEPM-nonsusceptible Bacteroides
spp. peaked at 16% in 2019 and decreased to 7% in
2020. Although the reason for the reduced MEPM-
nonsusceptible Bacteroides spp. frequency is not clear,
small sample number may affect the change of frequency
in this case.
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In our study, while 4 strains (66.7%) of carbapenem-
nonsusceptible B. fragilis were cfiA-positive, the other 2
strains did not possess the gene. Other than ¢fiA gene,
the mechanisms of carbapenem nonsusceptibility remain
unclear'¥. One study showed that functional changes in
efflux pumps affect carbapenem sensitivity®. Further
studies are needed to clarify the resistance mechanisms,
especially in 2 carbapenem-nonsusceptible B. fragilis
without ¢fiA gene.

To date, there is no routine method to detect ¢fiA-
positive B. fragilis. In this study, MALDI-TOF MS and
mCIM were useful in detecting cfiA-positive B. fragilis. A
recent study reported that the sensitivity and specificity
of MALDI-TOF MS in detecting cfiA-positive B. fragilis
were 100.0% and 99.7%, respectively'®. Although
MALDI-TOF MS is a simple and quick method, it can
be performed only in the facilities with the required
equipment. In facilities where MALDI-TOF MS is
unavailable, mCIM may be useful. Because mCIM
does not require specialized equipment or reagents,
it is widely used and can be performed at any facility.
Therefore, MALDI-TOF MS and mCIM might provide
earlier and more accurate results in determining c¢fiA-
positive strains. This will help determine appropriate
antimicrobial use for treating carbapenem-nonsusceptible
B. fragilis infection.

In summary, even if MALDI-TOF MS or PCR is not
available, mCIM is useful for detecting cfiA-positive B.
fragilis. Because the isolation frequency of carbapen-
em-nonsusceptible Bacteroides spp. is increasing, de-
termining its susceptibility is important for appropriate
antimicrobial therapy.

Declarations
Funding:

This work was supported by the Funding Program for
Female Researchers, Kanazawa University.

Conflicts of interest:
The authors have declared that no conflict of interest
exists.

Ethics approval:

All experiments were performed in accordance with
approved guidelines of Kanazawa University. This study
was conducted with the approval of the ethics committee
of Kanazawa University (approval number: 3596).

Authorship contributions:
YTS and YI designed the study and interpreted the

data. YTS performed experiment and wrote the draft of
the manuscript together with YI. All authors read the
manuscript and commented.

References

1) Hartmeyer GN, Soki J, Nagy E, et al. Multidrug-resistant
Bacteroides fragilis group on the rise in Europe? ] Med
Microbiol. 2012; 61 (Pt 12): 1784-8.

2)Jasemi S, Emaneini M, Ahmadinejad Z, et al. Antibiotic
resistance pattern of Bacteroides fragilis isolated from clinical
and colorectal specimens. Ann Clin Microbiol Antimicrob.
2021; 20(1): 27-34.

3) Yotsuji A, Minami S, Inoue M, et al. Properties of Novel
3-Lactamase Produced by Bacteroides fragilis. Antimicrob
Agents Chemother. 1983; 24 (6) : 925-9.

4) Cuchural GJJr, Malamy MH, Tally FP. Beta-Lactamase-
Mediated Imipenem Resistance in Bacteroides fragilis.
Antimicrob Agents Chemother. 1986; 30 (5) : 645-8.

5) Thompson JS, Malamy MH. Sequencing the Gene for an
Imipenem-Cefoxitin-Hydrolyzing Enzyme (CfiA) from Bac-
teroides fragilis TAL2480 Reveals Strong Similarity between
CfiA and Bacillus cereus, B-Lactamase II. ] Bacteriol. 1990;
172(5): 2584-93.

6) CLSI M100 ED32:2022. http://em100.edaptivedocs.net/

7)Yamazoe K, Kato N, Kato H, et al. Distribution of the
¢fiA Gene among Bacteroides fragilis Strains in Japan and
Relatedness of ¢fiA to Imipenem Resistance. Antimicrob
Agents Chemother. 1999; 43 (11) : 2808-10.

8)Nagy E, Becker S, Soki J, et al. Differentiation of division I
(¢fiA-negative) and division II (¢fiA-positive) Bacteroides
fragilis strains by matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. ] Med Microbiol. 2011;
60 (Pt 11): 1584-90.

9) Ueda T, Takesue Y, Matsumoto T, et al. Change in antimi-
crobial susceptibility of pathogens isolated from surgical site
infections over the past decade in Japanese nation-wide sur-
veillance study. J Infect Chemother. 2021; 27(7) : 931-9.

10) Wang Y, Han Y, Shen H, et al. Higher Prevalence of Multi-
Antimicrobial Resistant Bacteroides spp. Strains Isolated at
a Tertiary Teaching Hospital in China. Infect Drug Resist.
2020; 13: 1537-46.

11) Koénig E, Ziegler HP, Tribus ], et al. Surveillance of
Antimicrobial Susceptibility of Anaerobe Clinical Isolates in
Southeast Austria: Bacteroides fragilis Group Is on the Fast
Track to Resistance. Antibiotic. 2021; 10 (5) : 479-85.

12) Copsey-Mawer S, Hughes H, Scotford S, et al. UK Bacte-
roides species surveillance survey: Change in antimicrobial
resistance over 16 years (2000-2016). Anaerobe. 2021; 72:
102447.

13) Liu CY, Huang YT, Liao CH, et al. Increasing Trends in Anti-



| Laboratory Medicine International | 4 (2) | 2025 |

microbial Resistance among Clinically Important Anaerobes of overexpression of multiple RND-family efflux pumps in

and Bacteroides fragilis Isolates Causing Nosocomial Infec- Bacteroides fragilis isolates. ] Antimicrob Chemother. 2006;

tions: Emerging Resistance to Carbapenems. Antimicrob 58(3): 543-8.

Agents Chemother. 2008; 52 (9) : 3161-8. 16) Kawamoto Y, Kosai K, Ota K, et al. Rapid detection and
14) Wexler HM. Bacteroides: the Good, the Bad, and the Nitty- surveillance of cfiA-positive Bacteroides fragilis using ma-

Gritty. Clin Microbiol Rev. 2007; 20 (4) : 593-621. trix-assisted laser desorption ionization time-of-flight mass
15) Pumbwe L, Chang A, Smith RL, et al. Clinical significance spectrometry. Anaerobe. 2021; 72: 102448.



| Laboratory Medicine International | 4 (2) | 2025 |

Morphological and Genetic Analysis of Diploscapter coronatus:
Insights into Identification Challenges and Species Relationships

TNorihito Morimoto, PhD**?, Yoshie Nishida, PhD*?, Masataka Korenaga, PhD*"?

tCorrespondence: Departments of Medical Laboratory Science, Kochi Gakuen University, 292-26 Asahitenjin-cho, Kochi 780-
0955, Japan. E-mail: nmorimoto@kochi-gu.ac.jp.
Received November 21, 2024; accepted January 9, 2025

*1Department of Medical Laboratory Science, Kochi Gakuen University

*2Department of Clinical Laboratory, Kochi Medical School Hospital, Kochi University

*$Department of Parasitology, Kochi University Medical School, Kochi University

ABSTRACT

Objective: This study aims to address the challenges of identifying Diploscapter coronatus by morphological and
genetic analysis. The nematode was previously identified morphologically in fecal samples from a patient with
Henoch-Schonlein purpura. We used genetic methods to complement and refine species identification.
Materials and Methods: Nematodes isolated from the patient’s feces were fixed in formalin, and morphological
observations were made under a light microscope. PCR amplification of the SSU rRNA and Hsp90 genes was
performed on DNA extracted from the nematodes during the same period. The resulting DNA was cloned, se-
quenced, and subjected to phylogenetic analysis using the neighbor-joining method.
Results: Morphological observations confirmed that the nematode shared key features with D. coronatus. The
SSU rRNA analysis showed 99% similarity with 11 Diploscapter species, including D. coronatus. However, Hsp90
gene analysis placed the nematode in the D. lycostoma cluster, revealing inconsistencies between morphological
and genetic data.
Conclusion: The present study highlights the complexity of species identification within the genus Diploscapter
that results from the limited genetic information and overlapping morphological characters. The results under-
score the need for more extensive genetic data and comprehensive phylogenetic analyses to resolve these identi-
fication challenges and better understand species relationships within the genus.

(Lab Med Int 2025; 4(2): 69-74)

Diploscapter coronatus, Diploscapter spp., genetic analysis, small subunit ribosomal RNA (SSU rRNA) , heat shock pro-

tein 90 (Hsp90)

LIntroduction..........coooviiiiiiiiiiiiiiiiiiaennn.

Diploscapter coronatus was first described by Cobb in
1893 as a free-living nematode typically found in soil sur-
rounding decaying plants and roots . Its detection in hu-
man samples is very rare, although its presence has been
noted in past cases of anoxia and alkaline urine? ¥, In ad-
dition, recent reports have identified nematodes suspect-
ed of being this species in clinical samples such as urine
and feces?® . Several species, including D. coronatus,

have been documented within the genus Diploscapter. In
2002, we detected this nematode in fecal samples from a
patient with Henoch-Schénlein purpura, identified by its
morphological features®. Recently, both morphological
and genetic methods have been used for species identifi-
cation in nematode studies? . In this study, we report the
analysis of a sample of D. coronatus, previously identified
by morphological observations and now complemented
by genetic identification methods.
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II. Materials and Methods ...............coccoveii....

1. Samples

Nematodes found in patient feces in 2002 were cultured
in nematode growth medium (NGM) , then fixed in 10%
buffered formalin and stored at room temperature. Mor-
phological observations were carried out on these forma-
lin-fixed nematodes. During the same period, genomic
DNA was extracted from D. coronatus nematodes derived
from the patient and cultured in NGM using a QIAamp
DNA Micro Kit (Qiagen, Hilden, Germany) and stored
frozen at —80°C . This study was approved by the Ethics
Committee of Kochi University Medical School, Japan
(No.30-87).
2. Morphology

Morphological observations and measurements of the
formalin-fixed nematodes were made using a light micro-
scope and considered in conjunction with the observa-
tions we have previously reported®. Using De Man’s for-
mula®, specific ratios and indices were calculated based
on measurements of different parts of the nematode’s
body to describe its morphological characteristics.
3. Polymerase Chain Reaction (PCR) and Cloning

The primers used for the small subunit ribosomal RNA
(SSU rRNA) gene were obtained from Holterman et al?.
(2006) , and those for the 90 kDa heat shock protein

(Hsp90) gene were obtained from Zeng Qi Zhao?”
(2013), respectively. The 20 pL PCR reactions contained
10 pL KAPA2G Fast PCR Kit (Kapa Biosystems, USA) ,
1 pL (0.05 uM) of each forward and reverse primer, and
2 uL of DNA template. The thermal cycling program was
as follows: denaturation at 95°C for 3 min, followed by 30
cycles of denaturation at 94°C for 30 s, annealing at 55°C
for 30 s, and extension at 72°C for 45 s. A final extension
was performed at 72°C for 10 min. The amplified DNA was
purified using a QIAGEN Gel Extraction Kit (QIAGEN,
Valencia, CA, USA) . The cDNA was ligated into a T-vec-
tor using the DynaExpress TA PCR Cloning Kit (BioDy-
namics Laboratory, Tokyo, Japan) and then transformed
into competent Escherichia coli DH50. cells (FUJIFILM
Wako, Tokyo, Japan) using the heat shock method. Final-
ly, the recombinant plasmid was extracted from the trans-
formed E. coli, using EZ-10 Spin Column Plasmid DNA
Miniprep Kit (BIO BASIC, Ontario, Canada).
4. Sequencing and Phylogenetic Analysis

Purified plasmids were sequenced using the Big Dye™
Terminator Cycle Sequencing Ready Reaction Mix v3.1
Kit. Cycle sequencing products were purified using the
FastGene Dye Terminator Removal Kit (NIPPON Ge-
netics, Tokyo, Japan) and analyzed on an ABI PRISM 310
Genetic Analyzer (Applied Biosystems, Foster City, CA,
USA) . The genetic sequences obtained were subjected

Figurel Microscopic morphology of adult nematodes.
Whole body of both adult female (A) and male exhibiting the presence of spicules (/) and caudal alae (A) in the tail (B).
Enlarged view of the head of an adult female (C). Scale bar indicating 100 um.
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to similarity searches using BLAST ' from the National
Center for Biotechnology Information (NCBI). DNA
sequences were aligned using Clustal OMEGA and
a phylogenetic tree was constructed using the Neigh-
bor-Joining method with MEGA 11'. The root of the
phylogenetic tree was constructed using the nucleotide
sequence of Rhabditis myriophila (U81588) for SSU, and
Acrobeloides amurensis (DQ340377) and Cephalobus cu-
baensis (DQ340378) for HSP9O.

IIL ReSUItS. .o oviiit et

1. Morphological Observations

The microscopic images of the male and female nema-
todes in this study are shown in Figure 1. The length of
the adult worms ranged from 344 to 522 um, with a width
of 22 to 39 um (Table 1) . They had two characteristic
pairs of lips on the head, with the dorsal and ventral lips

being hook-shaped and the second pair branching ante-
riorly, consistent with the characteristics of the genus
Diploscapter (Figure 1B) . To compare this nematode
with the genus Diploscapter, coefficients calculated from
the De Man measurements are presented in Table 1.
Morphologically, both the size and the De Man ratios
were similar to those of D. coronatus.
2. Genetic Findings

A homology search using BLAST showed that the SSU
rRNA region of this nematode exhibited 99% similarity
to 11 Diploscapter species. The similarity to the two in-
cluded D. coronatus sequences was 99.3%. In the Hsp90
region, similarity ranged from 89.8% to 99.4% for D.
lycostoma and from 86.8% to 89.7% for D. coronatus (Ta-
ble 2) . Phylogenetic analysis classified the Diploscapter
species into clusters based on the four SSU regions, with
the nematode in this study placed in a cluster that includ-

Table 1 Comparative measurements of adluts Diploscapter spp.*

D. coronatus

D. lycostoma

Author (s) This case Morimoto et al Loof Abebe Abolafia&Pena-Santiago Wahab
(2006) (1964) (1998) (2007) (1962)
Length body** 344 - 522 348 - 394 250 - 400 350 - 427 358 - 504 519 - 546
a 13.4-17.3 14-18 16 - 20 15-18 15.2-16.7
b 4.4-5.6 3.5-4.5 3.6-4.4 4.0-5.3 6.3 -6.5
¢ 53-84 5.9-8.2 5.8-9.6 5.7-7.4 9.4-12.1
c 4.0-7.1 3.5-6.5 4.4-6.8
A% 45 -53 51-57 50 - 58 48 - 57 56

*The De Man ratios (a to ¢’+V) Favoured by plant and soil nematologists are as follows: a=body length/maximun width; b=body
length/length of esophagus; c=body length/tail length; V= Percentage of body length from the head to the vulva.

**Length body (um).

Table 2 Homology search in the SSU rRNA region using BLAST

Nematodes Assession #  Max Score  Total Score  Sequence E Sequence
Coverage (%)  value identity (%)
Diploscapter sp. EU196003.1 1572 1572 100% 0.0 99.65%
Diploscapter sp. U81586.1 1572 1572 100% 0.0 99.65%
Diploscapter sp. AF083009.1 1565 1565 100% 0.0 99.42%
Diploscapter coronatus KJ636377.1 1557 1557 100% 0.0 99.30%
Diploscapter coronatus AY593921.1 1555 1555 100% 0.0 99.30%
Diploscapter sp. 0P964516.1 1550 1550 100% 0.0 99.19%
Diploscapter sp. 0P964515.1 1550 1550 100% 0.0 99.19%
Diploscapter sp. 0P964514.1 1550 1550 100% 0.0 99.19%
Diploscapter formicidae JQ838254.1 1550 1550 100% 0.0 99.19%
Protorhabditis sp. EU196002.1 1428 1428 100% 0.0 96.64%
Protorhabditis sp. AF083024.1 1356 1356 100% 0.0 95.13%
Heterorhabditis indica LN611143.1 1166 1166 100% 0.0 91.35%

Homology search using BLAST was performed with the nucleotide sequences obtained from sequencing the plas-
mid DNA, which contained the PCR product of the SSU region of this nematode.
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ed D. coronatus (Figure 2) . In contrast, using the Hsp90
data, the Diploscapter species were classified into clus-
ters corresponding to D. coronatus, D. formicidae and D.
lycostoma with the nematode in this study placed in the D.
lycostoma cluster (Figure 3).

TV DiSCUSSION. -« oot

Morphologically, it has been estimated that there are ap-
proximately 15 species within the genus Diploscapter ' .

A

However, to date, comprehensive genetic analyses and
electron microscopic evaluations have not been carried
out for most species. The nematode analyzed in this
study matched the morphological characteristics of D.
coronatus observed in previous studies'”. In addition,
the b-ratio (body length/esophagus length) of D. corona-
tus differed from that of D. lycostoma in the De Man ratios
referenced for nematodes!”. From these findings, the
nematode in this case demonstrated a b-ratio of 4.4-5.6,

Nematodes of this study
Diploscapter coronatus
Diploscapter sp.
Diploscapter sp.
Diploscapter coronatus
Diploscapter sp.
Diploscapter formidae
Diploscapter sp.
Diploscapter sp.
Diploscapter sp.

Rhabditis myriophila

Diploscapter lycostoma

Diploscapter lycostoma

Diploscapter lycostoma

Diploscapter lycostoma

Diploscapter lycostoma

Diploscapter lycostoma
Nematodes of this study
Diploscapter lycostoma
Diploscapter lycostoma
Diploscapter formidae
Diploscapter coronatus
Diploscapter coronatus
Acrobeloides amurensis

Cephalobus cubaensis

Figure 2 Neighbor-joining phylogenetic trees inferred from SSU rRNA gene (A) and HSP90 gene (B).
The phylogenetic trees include sequences from 9 species for SSU rRNA DNA and from 11 species for the
HSP90 gene within the genus Diploscapter, along with sequences from other related taxa. Bootstrap values are
shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site. Sequences from
Rhabditis myriophila and other outgroup species were used to root the tree.
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Table 3 Homology search in the HSP90 region using BLAST

Nematodes Assession #  Max Score  Total Score Sequence E Sequence
Coverage (%)  value identity (%)
Diploscapter lycostoma DQ340381 1286 1286 99% 0.0 99.44%
Diploscapter lycostoma EF467040 1168 1168 100% 0.0 96.48%
Diploscapter lycostoma EF467042 1088 1088 100% 0.0 94.52%
Diploscapter lycostoma DQ340382 1088 1088 99% 0.0 94.63%
Diploscapter lycostoma EF467041 1050 1050 100% 0.0 93.58%
Diploscapter lycostoma DQ340379 907 907 99% 0.0 90.31%
Diploscapter formicidae JQ838256 885 885 96% 0.0 90.39%
Diploscapter lycostoma DQ340380 881 881 99% 0.0 89.75%
Diploscapter coronatus EF467044 765 765 100% 0.0 86.76%
Diploscapter coronatus EF467043 702 702 79% 0.0 89.72%
Leguminivora glycinivorella  MK343468 174 174 20% le-38  88.28%

Homology search using BLAST was performed with the nucleotide sequences obtained from sequencing the plasmid
DNA, which contained the PCR product of the HSP90 region of this nematode.

which morphologically identified it as D. coronatus.

The information available in NCBI on the genus Diplo-
scapter is particularly limited, and only three species are
fully documented: D. coronatus, D. lycostoma and the
newly described D. formicidae. The nematode in this
study showed high similarity to D. coronatus in the SSU
rRNA gene, while in the Hsp90 region, it exhibited high-
er similarity to D. lycostoma. We currently lack sufficient
genetic data on the SSU rRNA region in D. lycostoma. In
addition, the genetic information available for the Hsp90
region lacks corresponding, detailed morphological de-
scriptions. These factors likely contribute to the incon-
sistencies observed using genetic identification methods.
In practice, when performing a BLAST search for the
Hsp90 gene sequence of D. lycostoma (EF467042) , the
similarity to other D. lycostoma sequences ranges from
91.4% to 93.6%, and to D. coronatus sequences ranges
from 85.8% to 85.9%. Identification by genetic methods
is therefore challenging.

Interestingly, G. Markin ef al'® reported that D. corona-
tus (Cobb 18937) is synonymous with D. lycostoma (Volk
1950) . The paucity of samples available for phylogenet-
ic analysis may suggest that the resulting phylogenetic
tree does not accurately reflect the true evolutionary
relationships between the classified groups.

To date, while D. coronatus has been detected in human
samples® ' there have been no reports of other species
within the genus Diploscapter being detected in humans.

In addition, the detection of Diploscapter formicidae™
and Diploscapter lycostoma 2 in association with ants
suggests a possible correlation between species and host
specificity. In general, when a rare parasite is detected in
humans, species identification is often performed based
on the similarity of gene sequences from a particular

genetic region, and genetic identification for various or-
ganisms has advanced in clinical examination. However,
for the genus Diploscapter, the current genetic informa-
tion available is insufficient, leading to uncertainties in
species identification. In fact, Arai et al?" reported that
although they attempted to genetically identify Diplos-
capter from human samples, a definitive identification of D.
coronatus could not be achieved because of limited nucle-
otide sequence information.

Interestingly, although males are thought to be absent
in the genus Diploscapter, we have reported the presence
of males in this genus®. Furthermore, the presence of
males in D. coronatus has also been reported by other
researchers®-?? . If males could be found in other species
of the genus Diploscapter, it might be possible to identify
species based on characteristics such as male reproduc-
tive organs.

V. ConCIUSION vt

The identification of species within the genus Diplos-
capter requires more extensive morphological and molec-
ular data, with particular emphasis on comparing genetic
information among different species to advance phylo-
genetic analyses. In addition, the ability to specifically
detect species will likely provide important insights into
host specificity.
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