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Severe hypertriglyceridemia, characterized by extreme-
ly high levels of triglycerides in the blood, is a significant
risk factor for the development of acute pancreatitis, a
severe and potentially life-threatening condition V. Acute
pancreatitis occurs when the pancreas becomes inflamed,
often leading to symptoms such as severe abdominal
pain, nausea, vomiting, and, in some cases, systemic
complications like organ failure. The presence of severe
hypertriglyceridemia can exacerbate these effects by
contributing to the formation of free fatty acids through
the breakdown of triglycerides by pancreatic lipase.
These free fatty acids can damage pancreatic cells and
contribute to the inflammatory process. During pregnan-
cy, the risk associated with severe hypertriglyceridemia
is heightened due to physiological changes, such as in-
creased insulin resistance and hormonal shifts, which
can exacerbate lipid imbalances. When acute pancreatitis
develops in this context, it can have catastrophic conse-
quences, including preterm labor, severe maternal com-
plications such as multi-organ failure, and even fetal loss
or stillbirth . Despite these severe outcomes, the pre-
cise mechanisms by which hypertriglyceridemia triggers
acute pancreatitis-especially in pregnant women-remain
poorly understood. Previous researches suggest that fac-
tors such as genetic predisposition, hormonal modulation
of lipid metabolism, and inflammation might play crucial
roles, but further investigation is required to clarify
these pathways. This study by Sadakata and colleagues
is elucidating the mechanism of abnormal lipid metabo-
lism during pregnancy. The researchers investigated the
involvement of glycosylphosphatidylinositol-anchored
high-density lipoprotein-binding protein 1 (GPIHBP1),
an anchor protein for lipoprotein lipase (LPL) — a key
enzyme in lipid metabolism — by measuring its blood
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levels during different pregnancy stages. GPIHBP1 has
recently attracted attention as a potential cause of severe
hypertriglyceridemia. It plays a crucial role not only in
the transport of LPL to the subendothelium of blood
vessels but also in facilitating the binding of LPL to the
surface of vascular endothelial cells, making it a vital
component in LPL metabolism®. Cases of hyperchylomi-
cronemia, thought to be caused by GPIHBP1 deficiency
or GPIHBPI autoantibodies, have been reported®*. In
this study, during different pregnancy stages, blood con-
centrations of GPIHBP1 and LPL were observed to de-
crease transiently, returning to nonpregnant levels after
delivery. When adjusted for albumin concentration, the
decrease in GPIHBP1 levels was negated. However, LPL
levels continued to show a transient decrease during
late pregnancy, even after adjusting for albumin levels.
These results suggest that during the course of normal
pregnancy, the transient decrease in GPIHBPI1 levels
may be attributed to physiological dilution. In contrast,
the transient decrease in blood LPL levels is likely due
to inhibited lipolysis. This study has several limitations,
including the reliability of the blood sample data and the
influence of insulin resistance. To confirm these findings,
further research is needed to elucidate the underlying
mechanisms.
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ABSTRACT

Acute amebic appendicitis, a rare presentation of Entamoeba histolytica infection, is challenging to distinguish
from non-amebic appendicitis because of similarities in symptoms and laboratory data. Here, we describe the
case of a 42-year-old Japanese male with amebic appendicitis diagnosed by histopathological examination of the
removed appendiceal specimens. In this case, blood eosinophilia was not observed, and amebic trophozoites were
histologically distributed not only in surface exudates but also in appendiceal submucosa and muscularis propria.
In addition, a thorough interview and additional colonoscopy after the diagnosis revealed a history of amebic coli-
tis and persistent amebic colitis. We believe that physicians should be aware of the possible presence of amebic
appendicitis because of its higher mortality rate compared to non-amebic appendicitis.

(Lab Med Int 2025; 4(1): 3-7)
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LIntroduction...........coiiiiiiiiiiiiiiiiiiiiiaennn.

The main manifestations of Entamoeba histolytica (E.
histolytica) infection are amebic colitis and amebic liv-
er abscess.” Almost all (93%) cases of amebic colitis
involve the ileocecal region; ¥ however, amebic appen-
dicitis is rare,? accounting for only 0.5-2.3% of acute ap-
pendicitis cases even in endemic developing countries.”
Amebic appendicitis is frequently overlooked clinically,
and its definite diagnosis requires pathological examina-
tion of the removed vermiform appendix, thus delaying
therapy.”»® Here, we describe the unique clinicopatholog-
ical findings of a pertinent case to expand our knowledge
of amebic appendicitis.

IL Case report......cooveeemnniiiiii i

A 42-year-old Japanese male was brought to our hos-
pital by ambulance because of exacerbating and moving
abdominal pain. The patient was an office worker, and had

a history of depression. Physical examination revealed
localized tenderness in the right lower abdomen, with
muscle guarding. Laboratory tests of peripheral blood
revealed a white blood cell (WBC) count of 12,080 /uL
without eosinophilia (240 /uL) and serum C-reactive
protein (CRP) level of 0.49 mg/dL. Serum albumin is
4.6 g/dL and other serological data ruled out human im-
munodeficiency virus, hepatitis B virus, and hepatitis C
virus infection, so there was no evidence of malnutrition
or immunodeficiency. Computed tomography revealed
a thickened appendiceal wall with contrast enhance-
ment, multiple appendicoliths, and periappendiceal fat
stranding. These findings suggested acute appendicitis.
Laparoscopy revealed minimal ascites and no perito-
neal abscess, and appendectomy was performed. On
post-operative day (POD) 3, serum CRP level was
slightly elevated but WBC was decreased (2.46 mg/dL
and 3,790 /uL, respectively) , and on POD 4, the patient
was discharged without any complication. On POD5, the
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appendectomized specimen was pathologically diagnosed
as an amebic infection. On POD18, an in-depth medical
interview was performed and revealed the patient’s hid-
den medical history: 1) one year before this episode, the
patient had been diagnosed with amebic colitis of entire
colon by colonoscopy at another clinic; 2) the patient was
treated with 5-days oral metronidazole, his symptoms
disappeared, and his follow-up at the clinic was complet-
ed. By POD18, serum CRP levels and WBC count were
within normal ranges and his symptom was disappeared,
so additional treatment seemed unnecessary, but we
recommended colonoscopy just in case. On POD49, the
patient underwent additional colonoscopy at the clinic,
and biopsy specimens from the ileocecal erosive lesions
showed a relapsing amebic infection without colitis of any
other part. The patient was given a 10-day metronidazole
treatment. Six months after treatment, a follow-up colo-
noscopy revealed complete endoscopic remission, and

the patient is alive and well.
III. Histopathological Findings .........................

The removed vermiform appendix showed dark muco-
sal changes at the tip (Figure 1). Microscopically, a neu-
trophil-predominant inflammatory infiltrate with a small
number of eosinophils, lymphocytes, and plasma cells
involved the entire thickness of the appendiceal wall,
chiefly located on the appendiceal tip, accompanied by fo-
cal ulcers. Hematoxylin and eosin (HE) -stained sections
identified oval amebic trophozoites with foamy cytoplasm
and eosinophilic nucleus-like structures (Figure 2).
These amebic trophozoites are highlighted in bright red
by periodic acid-Schiff (PAS) staining (Figure 2b, inset).
Amebic trophozoites were predominantly distributed
within the appendiceal wall rather than on the surface
(Figure 3). Trophozoites phagocytosed erythrocytes in

the cytoplasm suggest active inflammation.
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Figure 1 Macroscopic findings of removed appendix vermiformis. Dark colored mucosa was seen in the tip (left of the

image) .

Figure 2 Histopathological features of amebic appendicitis.
A. Moderate-power view showing scattered amebic trophozoites within appendiceal submucosa.
B. High-power view of oval amebic trophozoites with foamy cytoplasm and eosinophilic nucleus-like structures. Periodic
acid-Schiff stain highlighting reddish features of trophozoite (inset) (A, hematoxylin and eosin stain, X 100; B, hema-
toxylin and eosin stain, X 400; inset, periodic acid-Schiff stain, X 400, black bars, 50 um).
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TV, DiSCUSSION. . oottt et

E. histolytica infection, or amebiasis, is the second lead-
ing cause of death from parasitic infection worldwide.®
In Japan, the annual incidence of amebiasis is low (ap-
proximately 500 cases per year) owing to a clean water
supply,” and amebic appendicitis is extremely rare. Our
review of Japanese literature revealed only 18 previous
reports describing surgically treated amebic appendici-
tis.?»® There is a male preponderance in the Japanese
incidence of amebic infections, including colitis, liver ab-
scess, and appendicitis.” In Japan, amebiasis is typically
found in men who have sex with men and in individuals
with recent travel to endemic areas. However, the pres-
ent case had no history of travel abroad, and the infec-
tious route was unclear.

Amebic colitis is not uncommon and is usually suspect-
ed based on clinical symptoms of bloody and/or mucous
diarrhea and is diagnosed by colonoscopic, serological, or
stool examination.” However, amebic appendicitis usual-
ly does not show bloody and/or mucous stools suggestive
of amebic colitis, although appendicitis sometimes ac-
companies ileocecal amebic colitis.*»* The clinical symp-
toms of previously reported cases of amebic appendicitis
and the present case were similar to those of non-amebic
appendicitis, including right lower quadrant pain, fever,
abdominal tenderness, and guarding. Therefore, the

E——Imucosa  [___]submucosa

preoperative suspicion of amebic infection is considered
difficult. Furthermore, in the present case, blood eosin-
ophilia was not observed despite parasitic infection. Our
review of the literature revealed four previous articles on
amebic colitis or appendicitis describing the presence or
absence of eosinophilia (Table 1). Three of these articles
described three cases of amebic colitis without blood eo-
sinophilia.” 1V The other article investigated amebic ap-
pendicitis in the pediatric population and revealed blood
eosinophilia in only 14.2% of cases.'”? Therefore, blood
eosinophilia is not always observed in patients with ame-
bic appendicitis or colitis.

Previous systematic reviews of worldwide amebic
appendicitis showed a mortality rate of 3.3%,” higher
than that of overall acute appendicitis (0.09-0.24%),'?)
although almost half of the cases included in this review
were from endemic countries where metronidazole
(medication for amebiasis) is routinely administered
to all cases of acute appendicitis.'¥ The mortality rate
of amebic appendicitis is reported to be higher in Japan
(25%).5 This higher mortality rate would be attributed
not only to post-operative complications such as amebic
pancolitis, colonic perforation, peritonitis but also to de-
lay for specific treatments.”® Discrimination between
amebic and non-specific appendicitis should be required.

The diagnosis of amebic appendicitis may be challenging
not only clinically but also pathologically. In previous cas-
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Figure 3 Schematic distribution of amebic trophozoites within longitudinal section of the vermiform appendix. Amebic
trophozoites predominantly involving the submucosa and muscularis propria, rather than appendiceal surface.

Table 1 Relationship between blood eosinophilia and intestinal amebiasis.

Final Diagnosis Blood eosinophilia

Study No of patients. Age (years), Sex
Shijubou et al? 1 68, M
Ohnishietal® 1 30, M
Yasumura et al’’ 1 50, M

Escobar etal®® 23

Present case 1 42, M

Mean 9 (3-15); M, 12; E 11

Fulminant amebic colitis None (count 160/uL)
None (count 162/uL)
Fulminant amebic colitis None (count 172/uL)
AA (11),1IA (12) 14.2%%* of all cases (AA and IA)

AA None (count 240/uL)

Amebic colitis

M, male; E female; AA, amebic appendicitis; IA, acute appendicitis with incidental amebiasis (amebae found only within the ap-

pendiceal lumen)

* The total number of cases showing blood eosinophilia was not available from the article.
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es,”? the first pathological examination of appendecto-
mized specimens failed to reveal amoebas, and patholog-
ical reexamination based on clinical indications led to the
accurate diagnosis of amebic appendicitis. In the present
case, the amebic trophozoites involved not only the
surface but also the appendiceal wall. Similar amebic dis-
tribution has been reported previously *»'® and seemed
to differ from the surface-predominant lesions of amebic
colitis.'” The appendiceal muscularis propria is rich in
ganglion cells that mimic amebic trophozoites, which
may contribute to their being overlooked at first glance.
Furthermore, one pediatric study of amebic appendici-
tis reported higher perforation rate in wall involvement
cases than in luminal colonization cases.'”? Therefore, pa-
thologists should be aware of the characteristic features
of amebic appendicitis.

In amebic appendicitis, early metronidazole treatment
lowers the mortality rate.” Paromomycin, after metro-
nidazole, is recommended to eliminate intestinal colo-
nization.” In the present case, an amebic infection pre-
dominantly involving the deep appendiceal wall may have
been related to resistance to metronidazole treatment
and relapse.

V. Conclusion

This case report describes an unusual case of acute
appendicitis. In this case, eosinophilia was not observed,
and E. histolytica trophozoites, highlighted by PAS stain-
ing, diffusely involved the removed vermiform appendi-
ceal wall. Physicians should be aware of the presence of
amebic appendicitis mimicking non-amebic appendicitis.
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ABSTRACT

Objectives: The ELF scores, a non-invasive serum marker for liver fibrosis, has primarily been utilized in West-
ern countries as an alternative to liver biopsy. In this study, we assessed its diagnostic efficacy in Japanese pa-
tients by comparing it with other biomarkers.
Methods: We included 122 patients with chronic liver disease or cirrhosis who underwent liver biopsy. ELF
scores, calculated for each fibrosis stage (F0-F4) based on the New Inuyama Classification, were compared with
platelet count, aspartate aminotransferase-to-platelet ratio index (APRI), fibrosis-4 index, Mac-2-binding protein
glycan isomer (M2BPGi) levels, and autotaxin (ATX) levels.
Results: ELF scores exhibited the highest correlation with fibrosis stages determined by liver biopsy (p=0.741,
P<0.001) compared to other biomarkers. ELF scores increased with the development of fibrosis, and were higher
in F1 than in FO (P=0.0062) and in F2 than in F1 (P=0.0223). The area under the curve (AUC) values for the
ELF scores were 0.913, 0.890, 0.870, and 0.850 for = F1, = F2, = F3, and = F4, respectively. The AUC values
of ELF scores were comparable to those of M2BPGi levels across all stages, surpassing ATX levels for = F1, and
outperforming other markers for both = F1 and F2 stages. ELF scores exhibited high specificity (94.44%) for
> F1. For = F2, sensitivity was 83.82%, specificity 81.48%. Both = F3 and = F4 demonstrated high sensitivity
(86.96% and 90.00%, respectively).
Conclusions: The ELF score, which strongly correlated with liver fibrosis, is particularly useful for diagnosing
mild and moderate chronic hepatitis in Japanese patients and has the potential to rule out advanced liver fibrosis.
(Lab Med Int 2025; 4(1): 8-20)

liver fibrosis, enhanced liver fibrosis score (ELF), Mac-2 binding protein glycosylation isomer (M2BPGi), autotaxin
(ATX), noninvasive biomarkers
. risk of esophageal varices and carcinogenesis V% . His-
I Introduction.............cooiiiiiiiiiiiiiiii . . ] .
tological evaluation by liver biopsy has been the gold
Hepatic fibrosis progression is strongly associated with standard for assessing liver fibrosis; however, it is an in-
the prognosis of chronic liver disease and increases the vasive procedure ¥ and there are reports of significantly
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different inter-observer assessments %, It is difficult
to repeat liver biopsies to observe changes in hepatic
fibrosis. Therefore, noninvasive evaluation methods such
as serum biomarker analysis and diagnostic imaging are
used to detect the fibrosis stage ”~?. The enhanced liver
fibrosis score (ELF score) was originally determined
by Rosenberg et al. ', based on age, tissue inhibitor of
metalloproteinases 1 (TIMP-1), amino-terminal propep-
tide of type III procollagen (PIIIP), and serum hyaluronic
acid (HA) ; it was shown to correlate with the progres-
sion of liver fibrosis as determined by liver biopsy . The
utility of the ELF score based on three fibrosis markers
excluding age has been previously reported and is com-
monly used in clinical practice ™.

However, to date, the ELF scores have been primari-
ly evaluated in European and American populations. In
February 2024, the ELF score was incorporated into the
insurance coverage framework in Japan. However, aware-
ness among the population is limited. This study aimed
to validate the efficacy of the ELF score as a noninvasive
marker for assessing liver fibrosis in the Japanese pop-
ulation by incorporating a comprehensive comparison
with alternative markers. The utility of the ELF score
for assessing liver fibrosis in Japanese individuals was
confirmed by Seko et al.’s 2022 report on metabolic dys-
function associated steatotic liver disease (MASLD)
patients . They compared the AUC values of the ELF
score, Mac-2-binding protein glycan isomer (M2BPGi)®,
and fibrosis-4 index (Fib-4)® in Japanese MASLD pa-
tients, concluding that the ELF score is superior in diag-
nostic accuracy, comparable to other indices. We believe
that further evaluation of the ELF score’s utility in Japa-
nese individuals is necessary, and we attempted valida-
tion including liver fibrosis from more diverse etiologies.
In addition to M2BPGi and Fib-4, we compared the ELF
score with many more noninvasive fibrosis biomarkers.
Here, we measured the ELF score in Japanese patients
with chronic liver disease and cirrhosis who underwent
liver biopsy and evaluated its usefulness in the diagnosis
of liver fibrosis. To achieve this, we compared the ELF
score with other noninvasive fibrosis biomarkers: platelet
(PLT) count ', aspartate aminotransferase to platelet
ratio index (APRI)?, Fib-4 index, M2BPGi, and autotaxin
(ATX) ),

II. Subjects and methods ................................

Patients

Between April 2015 and March 2016, 122 patients with
chronic liver disease and cirrhosis underwent liver biop-
sy and blood sampling at the Kagawa University Hospital

797

(53 male, 69 female; the median age with interquartile
ranges [IQRs], 65.0 [54.0-74.3]) years) were studied.
We retrospectively examined patient case records. Based
on the New Inuyama Classification ', we determined the
number of cases at various stages of liver fibrosis (F0,
no fibrosis; F1, portal fibrous widening; F2, portal fibrous
widening with bridging fibrosis; F3, bridging fibrosis
plus lobular distortion; and F4, liver cirrhosis) as FO=18
cases; F1=36 cases; F2=22 cases; F3=16 cases, and
F4=30 cases. Liver damage results from chronic hepati-
tis B (CHB), chronic hepatitis C (CHC), alcohol-associ-
ated liver disease, MASLD, autoimmune hepatitis (ATH),
primary biliary cholangitis (PBC), PBC-AIH overlap
syndrome, and unknown causes (unknown) (Table 1).
This retrospective study was conducted in accordance
with the principles of the Declaration of Helsinki and
was approved by the Ethics Committee of the Faculty of
Medicine of Kagawa University (approval Number: 2016-
016). Informed consent was obtained from all individuals
included in this study.
Examination methods

Blood samples were collected, and PLT count and as-
partate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) levels were measured on the day of blood
collection. The serum samples were stored at — 70°C and
subsequently used to measure HA, PIIIP, TIMP-1, M2B-
PGi levels, and ATX levels. The HA, PIIIP, and TIMP-
1 serum concentrations (Cua, Ceurp, and Crive1 [ng/mL])
were measured with the ADVIA Centaur XP Immuno-
assay System (Siemens Healthcare Diagnostics K.K.,
Tokyo, Japan) , which is based on the principle of chemi-
luminescent immunoassay (CLIA). For these assays, the
measurement reagents were ADVIA Centaur®Hyaluron-
ic Acid (HA), ADVIA Centaur®N-terminal Propeptide
of Typelll Procollagen (PIIINP), and ADVIA Centaur®
Tissue Inhibitor of Metalloproteinase 1 (TIMP-1) (Sie-
mens Healthcare Diagnostics K.K., Tokyo, Japan). The
M2BPGi assay was performed using the automatic im-
munoassay system HISCL-800 (Sysmex Corporation
Kobe, Japan) and a dedicated reagent HISCL M2BPGi as-
say kit (Sysmex Corporation, Kobe, Japan) based on the
principles of chemiluminescent enzyme immunoassay
(CLEIA). The M2BPGi value was expressed in terms of
the cutoff index (COI). The ATX assay was performed
using a specific two-site enzyme immunoassay with the
ATA-2000 system (Tosoh, Tokyo, Japan) and a dedicated
reagent E test 'lTOSOH ] II (autotaxin) (Tosoh, Tokyo,
Japan).

ELF score was calculated by the formula:

“ELF score = 2.278 + 0.851In X (Cua) + 0.751In X



| Laboratory Medicine International | 4 (1) | 2025 |

Table 1 Patient’s characteristics.

Characteristics

Patients (N = 122)

Sex:

53 male / 69 fermale patients

Median age (IQR), years

65.0 (54.0-74.3)

Histological Fibrosis stage (N) 65 > median age (IQR), years (N) |65 = median age (IQR), years (N)
FO 18 47.0 (31.5-54.9) (14) 75.5 (66.8-79.0) (4)
F1 36 55.0 (40.5-60.0) (20) 73.0 (69.8-79.8) (16)
F2 22 58.0 (54.0-62.3) (10) 75.5 (67.0-78.8) (12)
F3 16 54.5 (35.0-65.8) (8) 69.0 (58.3-71.8) (8)
F4 30 60.0 (50.8-71.0) (6) 76.0 (64.0-80.5) (24)

Underlying disease

N (Fibrosis stage, N)

Chronic hepatitis B

Chronic hepatitis C

Alcohol-associated liver disease

Metabolic dysfunction associated steatotic liver disease
Autoimmune hepatitis

Primary biliary cholangitis

Primary biliary cholangitis-autoimmune hepatitis overlap
syndrome

Unknoun

8 (F0=4, F1=3, F2=1, F3=0, F4=0)
33 (F0=0, F1=6, F2=5, F3=6, F4=16)
9 (F0=1, F1=0, F2=1, F3=2, F4=5)
35 (F0=9, F1=10, F2=5, F3=6, F4=5)
7 (F0=1, F1=4, F2=2, F3=0, F4=0)
13 (F0=0, F1=5, F2=5, F3=1, F4=2)

5 (F0=0, F1=2, F2=2, F3=1, F4=0)

12 (F0=3, F1=6, F2=1, F3=0, F4=2)

N: number of patients; SD: standard deviation; IQR: interquartile range

(Cemrp) + 0.394 X In (Crvp1).”
The APRI was calculated using the formula:
“100 X (AST level/the upper limit of the normal value
of AST [IU/L] / PLT [ xX10%L]” 7. The upper limit of
normal AST level at our hospital was 35 IU/L.
The Fib-4 index was calculated by the formula:
“Age [years] X AST [TU/L] /PLT [x 10%L] X (ALT
[IU/L] 1/2) ”8) A
A pathologist made the histological diagnosis of liver
biopsies based on the New Inuyama Classification 1.
ATX levels and ELF scores were evaluated both overall
and separately for males and females because ATX levels
reportedly sex differences .
Quality control
The quality controls for HA, PIIIP, and TIMP-1 were
assessed using three controls with varying concentra-
tions. The mean = standard deviation (SD) and coeffi-
cient of variation (CV) for the three controls of HA were
18.79 = 0.78 ng/mL (CV 4.16%), 50.81 = 1.40 ng/mL
(CV 2.75%), and 205.82 + 6.49 ng/mL (CV 3.16%),
respectively. For PIIIP, the values were 2.05 = 0.05 ng/
mL (CV 2.46%), 5.37 £+ 0.15 ng/mL (CV 2.81%), and
11.97 = 0.30 ng/mL (CV 2.52%), respectively. Similarly,
for TIMP-1, the results were 90.74 = 2.71 ng/mL (CV
2.99%), 250.84 * 5.17 ng/mL (CV 2.06%), and 521.17
=+ 13.71 ng/mL (CV 2.63%), respectively.
Statistical analysis
Data were expressed as medians with interquartile

ranges (IQRs). Nonparametric Steel-Dwass analysis
was used for multiple comparisons between each group
of liver fibrosis stages, and for underlying illness. Re-
ceiver operating characteristic (ROC) curves were used
to evaluate the performance of the ELF score and other
markers in the diagnosis of liver fibrosis. In addition,
the area under the curve (AUC) with 95% confidence
intervals (CI), sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), positive
likelihood ratio (LR*), and negative likelihood ratio (LR")
were calculated from the ROC. Comparisons of the AUC
were performed using the chi-square test. The optimal
cutoff value was defined as the point maximizing the
Youden index (=max [sensitivity+specificity-1]). The
Spearman’s rank correlation coefficient (p) was used for
evaluating the correlation between liver fibrosis stag-
es obtained from the biopsy and the individual fibrosis
biomarkers (ELF score, PLT count, APRI, Fib-4 index,
M2BPGi level, and ATX level) . The impact of age on the
ELF score was assessed by categorizing patients into
two groups: those under 65 years of age and those 65
years and older at each stage of liver fibrosis. The ELF
score values for these groups were then analysed for
statistical significance using the Mann-Whitney U test.
All statistical analyses were performed using JMP Pro 16
software (SAS Institute Inc., Cary, NC, USA). Statistical
significance was defined as P< 0.05.
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Correlation between fibrosis stage determined by

liver biopsy and six liver fibrosis markers: ELF

score, PLT, APRI, Fib-4 Index, M2BPGi, and ATX

Table 2 shows the Spearman’s rank correlation coef-
ficient between the fibrosis stages determined by liver
biopsy and biomarkers. Each marker significantly cor-
related with the fibrosis stage. PLT counts declined with
increasing stage, whereas all other counts increased. The
correlation with fibrosis stage showed a strong correla-
tion (p = 0.6), including ATX levels by sex, except for
PLT and APRI. ELF scores exhibited the highest correla-
tion overall (p=0.741, P <0.001) among other biomark-
ers.

Comparison of biomarkers according to liver fi-

brosis stage

A comparison of ELF scores according to liver fibro-
sis stages based on the New Inuyama Classification
showed that the median (IQR) ELF scores were 8.84
(8.46-9.65), 9.89 (9.25-10.75), 10.92 (10.04-11.82),
11.55 (11.01-12.01), and 12.08 (11.36-12.64) for fi-
brosis stages F0, F1, F2, F3, and F4, respectively. The
median ELF score increased with fibrosis development.
The ELF scores were higher in the F1 stage than in the
FO stage (P=0.0062). These values were also higher in
the F2 stage than in the F1 stage (P=0.0223). However,
there was no significant difference between the F2 and
F3 stages (P=0.5090) or between the F3 and F4 stages
(P=0.3282) (Figure 1a).

Furthermore, the median PLT counts for fibrosis stag-
es FO, F1, F2, F3, and F4 were 21.85 10%/uL (18.20
10'-24.80 10%/uL), 20.70 10%/uL (18.25 10°-23.90 10¥/

uL), 18.00 10%uL (15.25 10*-23.40 10%/uL), and 10.70
10%/uL (7.48 10*-14.68 10%uL), respectively (Figure
1b). The median PLT count decreased with the devel-
opment of fibrosis. PLT counts were lower in F4 stage
than in F3 stage (P=0.0265) , whereas PLT counts were
not significantly different between any other successive
fibrosis stages. The median APRI values for fibrosis stag-
es FO, F1, F2, F3, and F4 were 0.44 (0.31-0.87), 0.68
(0.46-1.13), 0.77 (0.49-1.71), 1.75 (1.02-2.18) , and
1.16 (0.56-1.75) , respectively (Figure 1c). The median
APRI did not show a constant increase in one part of the
fibrosis stage and did not show significant differences be-
tween any successive fibrosis stages. The median Fib-4
indices for the fibrosis stages F0, F1, F2, F3, and F4 were
1.37 (0.73-2.21), 2.19 (1.54-3.35), 2.80 (1.37-4.73),
3.98 (2.76-5.14), and 5.07 (3.53-8.42), respectively
(Figure 1d). The median Fib-4 index increased with the
development of fibrosis. The Fib-4 index did not show
significant differences between successive fibrosis stag-
es. The median M2BPGi levels for fibrosis stages FO,
F1, F2, F3, and F4 were 0.66 COI (0.47-0.89 COI), 1.32
COI (0.69-2.08 COI), 1.76 COI (1.00-4.02 COI), 3.58
COI (1.51-4.23 COI), and 4.35 COI (2.43-7.47 COI),
respectively (Figure 1le). The median M2BPGi levels
increased with the development of fibrosis. M2BPGi lev-
els were higher in F1 stage than in FO stage (P=0.0112),
whereas M2BPGi levels were not significantly different
between any of the other successive fibrosis stages. The
median ATX levels in overall for fibrosis stages F0, F1,
F2, F3, and F4 were 0.88 mg/L (0.68-1.06 mg/L), 0.89
mg/L (0.74-1.11 mg/L), 1.32 mg/L (0.98-1.51 mg/L),
1.54 mg/L (1.21-2.02 mg/L), 1.62 mg/L (1.21-1.85 mg/
L), respectively (Figure 1f). The median ATX levels

Table 2 Correlation between fibrosis stage by liver biopsy and biochemical markers of hepatic fibrosis.

Biochemical markers of

hepatic fibrosis number Correlation coefficient (p) P value
ELF score overall 122 0.741 (P<0.0001)
Male 53 0.770 (P<0.0001)
Female 69 0.709 (P<0.0001)
PLT overall 116 -0.572 (P<0.0001)
APRI overall 116 0.338 (P=0.0020)
FIB-4 Index overall 115 0.615 (P<0.0001)
M2BPGi overall 122 0.666 (P<0.0001)
ATX overall 106 0.662 (P<0.0001)
Male 45 0.771 (P<0.0001)
Female 61 0.634 (P<0.0001)

ELF score: enhanced liver fibrosis score; PLT: platelet count; APRI: aspartate aminotransferase to platelet
ratio index; M2BPGi: Mac-2 binding protein glycosylation isomer; ATX: autotaxin. The Spearman’s rank cor-
relation coefficient (p) was used for evaluating the correlation between liver fibrosis stages and the individual

fibrosis biomarkers.
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increased with the development of fibrosis. ATX levels
were higher in F2 stage than in F1 stage (P=0.0133),
whereas ATX levels were not significantly different be-
tween any of the other successive fibrosis stages.

ELF scores and ATX levels among liver fibrosis

stages by sex

The median ELF scores in males for fibrosis stages
FO0, F1, F2, F3, and F4 were 8.81 (7.92-9.68), 9.54
(8.97-10.72), 11.32 (10.65-11.74), 11.55 (10.99-12.01),
and 11.88 (11.26-12.41), respectively (Figure 1g). The
median ELF scores in females with fibrosis stages FO,
F1, F2, F3, and F4 were 8.86 (8.58-9.62), 10.02 (9.49—
10.81), 10.79 (10.01-12.01), 11.54 (10.89-12.10), and
12.33 (11.48-12.81), respectively (Figure 1i). The me-
dian ELF scores in males and females increased with the
development of fibrosis. The median ATX levels in males
for fibrosis stages FO, F1, F2, F3, and F4 were 0.72 mg/L
(0.66-0.92 mg/L), 0.72 mg/L (0.59-0.77 mg/L), 0.87 mg/
L (0.83-1.32 mg/L), 1.22 mg/L (1.14-1.49 mg/L), 1.62

a P =0.0062* P =0.0223* P =0.5090 P =0.3282 50.04 P =0.9927 P =0.8155 P = 0.9621 P = 0.0265*

— 16.0

mg/L (1.15-1.81 mg/L), respectively (Figure 1h). The
median ATX levels in females for fibrosis stages FO, F1,
F2, F3, and F4 were 0.94 mg/L (0.82-1.16 mg/L), 1.02
mg/L (0.89-1.22 mg/L), 1.36 mg/L (1.11-1.61 mg/L),
1.90 mg/L (1.43-2.11 mg/L), and 1.62 mg/L (1.34-1.87
mg/L), respectively (Figure 1j). The median ATX lev-
els in both sexes did not show a constant increase at a
single stage of fibrosis. When comparing the ELF scores
and ATX levels for fibrosis stages in males and females,
only the ELF scores in males between FO and F1 showed
a significant difference (P=0.0229).

Ability of ELF score to predict liver fibrosis

ROC analyses aimed to assess the diagnostic accuracy
of the ELF scores for the fibrosis stages. Figure 2 illus-
trates the ROC curves of the ELF scores, while Table 3a
displays the calculated values for the AUC, cutoff value,
sensitivity, specificity, PPV, NPV, LR+, and LR — for each
fibrosis stage. The AUC values were 0.913, 0.890, 0.870,
and 0.850 for = F1, = F2, = F3, and = F4, respectively.
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Figure 1 Comparison of biomarkers according to liver fibrosis stage.
Overall: (a) ELF score, (b) PLT, (c) APRI, (d) Fib4-index, (e) M2BPGi, and (f) ATX.
Male: (g) ELF score, (h) ATX. Female: (i) ELF score, (j) ATX.

(g) to (j) are ELF scores and ATX levels comparisons by sex.

ELF score: enhanced liver fibrosis score; PLT: platelet count; APRI: aspartate aminotransferase to platelet ratio index;
M2BPGi: Mac-2 binding protein glycosylation isomer; ATX: autotaxin;

P-value*:<0.05.
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The corresponding cutoff values for predicting fibrosis
stages were 9.92, 10.64, 10.99, and 11.00, respectively.
Notably, the cut-off values for fibrosis stages = F3 and =
F4 were nearly identical. ELF scores exhibited high
specificity (94.44%), PPV (98.80%), and LR+ (14.18)
for = F1. For = F2, sensitivity was 83.82%, specificity
81.48%, PPV 85.07%, NPV 80.00%, LR+ 4.53, and LR-
0.20. Both = F3 and = F4 demonstrated high sensitivity
(86.96% and 90.00%, respectively), high NPV (90.91%
and 95.52%, respectively) , and low LR — (0.17 and 0.14,
respectively).

Comparison of fibrosis markers by AUC

Table 3a presents the AUC of the ELF score, PLT count,
APRI, Fib-4 index, M2BPGi, and ATX for liver fibrosis
stages, along with their corresponding values. The AUC
of ELF scores for = F1 was significantly higher than PLT
counts (AUC=0.703, P=0.0005), APRI (AUC=0.726,
P=0.0076), Fib-4 index (AUC=0.809, P=0.0354), and
ATX levels (AUC=0.785, P=0.0031) and comparable to
M2BPFi levels (AUC=0.880, P=0.2184). Similar to the
ELF scores, the Fib-4 index, M2BPGi levels, and ATX
levels displayed high specificity, PPV, and LR+ for = F1.
For = F2, the AUC of ELF scores was significantly higher

a
1007 =F1
so-l-r'."l_.‘.’m.“"
X
> 60
=
2 97 Auc 0913
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20 Cut-off value: 9.92
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than that of PLT counts (AUC=0.763, P=0.0109), APRI
(AUC=0.679, P <0.0001), and Fib-4 index (AUC=0.803,
P=0.0228), and comparable to M2BPFi levels
(AUC=0.830, P=0.0600) and ATX levels (AUC=0.881,
P=0.7734). ELF scores exhibited the highest sensitivity,
the highest NPV, and the lowest LR- among the markers
for = F2, while the specificity of APRI (84.62%), M2BP-
Gi levels (88.89%), and ATX levels (87.50%) surpassed
that of ELF scores. For fibrosis stages = F3 and = F4, the
AUC of ELF scores was significantly higher than APRI
but comparable to other biomarkers. ELF scores had the
highest sensitivity, the highest NPV, and the lowest LR-
among the markers for = F3, while specificity was similar
to Fib4-index (79.45%) and M2BPGi levels (81.58%). For
> F4, PLT counts (93.33%) and the Fib4-index (89.66%)
showed comparable sensitivity to ELF scores. However,
the cutoff values for PLT, APRI, Fib-4, M2BPGi, and ATX
either exhibited nearly consistent values across stages or
showed a reversal between stages.

Diagnostic ability of ELF score and ATX for pre-

dicting liver fibrosis stages by sex

Comparisons of the AUC between ELF scores and ATX
levels in predicting fibrosis stage by sex are presented in

b
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Figure 2 The ROC curves of ELF scores.
(a) For = liver fibrosis stage F1, (b) for = F2, (¢) for = F3, and (d) for = F4. ROC: receiver operating characteristic;
AUC: area under the curve; CI: confidence interval. The cutoff value was defined as the point maximizing the Youden index.
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Table 3 a Diagnostic performance of fibrosis biochemical markers in overall.

Liver . . Sensi- e
et biochgizls‘;[arker AUC (95% CI) Cv‘;u‘;ff tivity ?tp;c[‘% 1[302‘]’ Iﬁ‘]’ Pvalue LR+  LR-
stage [%]
ELF score 0913 (0.850-0.968)  9.92 7885 9444 9880 4359 - 1418 022
PLT [ X 10YL] 0.703 (0592-0.813) 1800 5510 8333 9474 2542  00005* 331 054
_ oy APRI 0.726 (0.598-0.855) 043 8878 50.00 90.63 4500 00076 178 022
Fib-4 index 0.809 (0.711-0.908)  3.08 5567 9444 9818 1400 0.0354* 1001 047
M2BPGi [COT] 0.880 (0.810-0.949) 120  74.04 9444 9872 3864 02184 1332 027
ATX [mg/L] 0.785 (0.689-0.880) 116 5843 9412 9811 3019 0.0031* 994 044
ELF score 0.890 (0.830-0.951) 10.64 8382 8148 8507 80.00 - 453 020
PLT [ X 10/uL] 0.763 (0.675-0.851) 18.00 7188 7885 8070 6949  0.0109% 340 036
_py APRI 0.679 (0576-0.774) 119 5156 8462 8049 5867 <0.0001* 335 057
Fib-4 index 0.803 (0.724-0.883) 250 8095 7115 7727 7551 0.0228% 281 027
M2BPGi [COT] 0.830 (0.758-0.902) 218 6471 8889 8800 6667 0.0600* 582  0.40
ATX [mg/L] 0.881 (0.816:0.946) 121 7586 87.50 8800 7500 07734 607 028
ELF score 0.870 (0.808-0.932) 10.99 8696 7895 7143 9091 - 413 017
PLT [ X 10YyL] 0.824 (0.740-0.909) 17.30 7907 7534 6538 8594 03656 321 028
g APRI 0.691 (0592-0.790) 110 6279 7397 5870 7714  0.0002* 241 050
Fib-4 index 0.828 (0.750-0.906) 349 7857 7945 6875 8657 02762 382 027
M2BPGi [COT] 0.845 (0.776-0.913) 219 7609 8158 7143 8493 04328 413 029
ATX [mg/L] 0.865 (0.799-0.932) 121 8293 7538 6800 87.50 0.8946 337 023
ELF score 0.850 (0.782-0.918) 1100 90.00 69.57 4909 9552 - 296 0.14
PLT [ X 10/uL] 0.891 (0.831-0.951) 1720 9333 7326 5490 9692 03268 349  0.09
gy APRI 0.606 (0.492-0.719)  0.85 6667 5698 3509 83.05 <0.0001* 155 058
Fib-4 index 0.832 (0.754-0.911)  2.95  89.66 6279 4483 9474 06419 241 0.6
M2BPGi [COT] 0.829 (0.751-0.908) 219  80.00 72.83 4898 9178 05590 294 027
ATX [mg/L] 0.798 (0.709-0.887) 134 7407 7848 5405 89.86 02538 344 033

CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value; LR+: positive likelihood ratio; LR-: negative
likelihood ratio; ELF score: enhanced liver fibrosis score; PLT count: platelet count; APRI: aspartate aminotransferase to platelet ra-
tio index; M2BPGi: Mac-2 binding protein glycosylation isomer; ATX: autotaxin; P value: the AUC of ELF score versus that of other

fibrosis marker, and P value*: < 0.05.

Table 3b Diagnostic performance of ELF score and ATX by sex.

fiii"(l)igs Fibrosis biochemical AUC (95% CI) Cut-off Stizljts; Speciﬁc- PfV NOPV Pvalie LR+ LR-
stage Marker value 6] [%] [%] [%]

ELF score - Female| 0.925 (0.856-0.995) 9.92 78.33  100.00 100.00  40.91 - 1.00 0.22

- F1 Male 0.909 (0.829-0.990) 10.49 7727 100.00 100.00 47.37 - 1.00 0.23

ATX [mg/L] - Female| 0.778 (0.643-0.914) 1.16 64.15 87.50 97.14 26.92 0.0066* 5.13 0.41

Male 0.772 (0.630-0.914) 1.21 50.00  100.00 100.00 33.33 0.0295* 1.00 0.50

ELF score * Female| 0.845 (0.750-0.940) 10.70 78.38 81.25 82.86 76.47 - 4.18 0.27

> F2 Male 0.947 (0.892-1.000) 10.91 83.87 90.91 92.86 80.00 - 9.23 0.18

ATX [mg/L] - Female| 0.849 (0.747-0.950) 1.34 69.70  92.86 92.00 72.22  0.9388 9.76 0.33

Male 0.968 (0.926-1.000) 0.94 92.00  90.00 92.00  90.00 0.5044 9.20 0.09

ELF score * Female| 0.863 (0.770-0.947) 10.70 95.45 70.21 60.00 97.06 - 3.20 0.06

_— Male 0.890 (0.803-0.977) 10.99 87.50 79.31 77.78 88.46 - 4.23 0.16

ATX [mg/L] - Female| 0.863 (0.764-0.963) 1.55 73.68 88.10 73.68 88.10 0.9898 6.19 0.30

Male 0.966 (0.919-1.000) 0.94 100.00  86.96 88.00 100.00  0.0227* 7.67 0.00

ELF score * Female| 0.864 (0.775-0.953) 10.78  100.00  62.50 38.24  100.00 - 2.67 0.00

> F4 Male 0.851 (0.748-0.954) 11.06 8824 69.44 57.69  92.59 - 2.39 0.17

ATX [mg/L] - Female| 0.755 (0.606-0.903) 1.55 7273 78.00 4211 92.86  0.1501 3.31 0.35

Male 0.904 (0.817-0.992) 1.01 93.75 75.86 68.18 95.65  0.3255 3.88 0.08
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Table 3b. For fibrosis stages = F1, the AUC of ELF scores
was significantly higher than that of ATX levels in both
males and females. ELF scores in both sexes and ATX lev-
els in males were shown to have high specificity
(100.00%) and PPV (100.00%) for = F1, whereas the speci-
ficity of ATX levels in females was 87.50%. For fibrosis
stages = F2, = F3, and = F4, the AUC of ELF scores was
comparable to that of ATX levels in both sexes. For = F2
in females, the specificity (92.86%) of ATX levels was
higher than that of the ELF scores (81.25%). For = F2 in
males, the sensitivity (92.00%) of ATX levels was higher
than that of ELF scores (83.87%), and the specificity
(90.00%) of ATX levels was similar to that of ELF scores
(90.91%) . For = F3 in females, the sensitivity (94.45%)
of the ELF scores was higher than that of the ATX levels
(73.68%) . For = F3 in males, the sensitivity (100.00%) of
ATX levels was higher than that of ELF scores (87.50%).
Similarly, for > F4 in females, the sensitivity (100.00%) of
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ELF scores was higher than that of ATX levels (72.23%),
and for = F4 in males, the sensitivity (93.75%) of ATX levels
was higher than that of ELF scores (88.24%). However,
the cut-off values for the ELF score and ATX in both sexes
were almost indistinguishable between the stages.

Comparison of fibrosis markers and their etiolo-

gies

CHC group and MASLD group were analyzed inde-
pendently, and CHB, alcohol-associated liver disease, AIH,
PBC, PBC-AIH overlap syndrome, and unknown etiolo-
gies were grouped together as grouped categories.
Figure 3 presents a comparison of marker values among
the CHC group, MASLD group, and grouped categories in
F1-F2 and F3-F4 stages, respectively. The median (IQR)
ELF scores in F1-F2 and F3-F4 stages were 11.14 (10.91-
11.54) and 11.87 (11.07-12.35) for the CHC group, 9.85
(9.18-10.65) and 11.99 (11.47-13.11) for the MASLD
group, and 10.03 (9.48-10.79) and 12.01 (11.09-12.30) for
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Figure 3 Comparison of fibrosis markers and their etiologies
Fibrosis stage F1 -F2: (a) ELF score, (b) PLT, (c) APRI, (d) Fib4-index, (e) M2BPGi, and (f) ATX.
Fibrosis stage F3 -F4: (g) ELF score, (h) PLT, (i) APRI, (j) Fib4-index, (k) M2BPGi, and (1) ATX.
ELF score: enhanced liver fibrosis score; PLT: platelet count; APRI: aspartate aminotransferase to platelet ratio index;
M2BPGi: Mac-2 binding protein glycosylation isomer; ATX: autotaxin; CHC: chronic hepatitis C; MASLD: metabolic dys-

function associated steatotic liver disease; P-value*:<0.05.

CHB, alcohol-associated liver disease, AIH, PBC, PBC-AIH overlap syndrome, and unknown etiologies were grouped
together as grouped categories. The underlined numbers in the figure indicate the median and interquartile ranges of the

marker for each underlying disease.
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grouped categories, respectively. Nonparametric Steel-
Dwass analysis revealed that the ELF scores of the CHC
group in the F1-F2 stages were significantly higher than
those of the MASLD group (P = 0.0295) and the grouped
categories (P = 0.0182). However, there was no signifi-
cant difference between the MASLD group and the
grouped categories (P = 0.8358). In the F3-F4 stages, the
ELF scores did not show significant differences among any
of the groups. Similarly, the M2BPGi levels in the CHC
group during the F1-F2 stages were significantly elevated
compared to the MASLD group (P = 0.0002) and the
grouped categories (P = 0.0279). The grouped categories
also exhibited significantly higher M2BPGi levels than the
MASLD group (P = 0.0328). In contrast, no significant
differences in M2BPGi levels were observed among any of
the groups in the F3-F4 stages. For other markers, no sig-
nificant differences were observed among the three etio-
logical groups at either the F1-F2 or F3-F4 stages. Table 4
presents the AUC, cut-off values, sensitivity, specificity,
PPV, and NPV of the ELF scores and M2BPGi across dif-

ferent stages of liver fibrosis within each of the three etio-
logical groups. The AUC of the ELF scores were fair for
CHC with fibrosis stages > F3 (AUC = 0.729) and > F4
(AUC = 0.739), but were otherwise good or excellent for
all etiological groups, with AUC ranging from 0.809 to
0.936. The AUC of M2BPGi were fair for MASLD with fi-
brosis stage = F1 (AUC = 0.784), grouped categories with
fibrosis stage = F2 (AUC = 0.749), and CHC with fibrosis
stage = F3 (AUC = 0.773), but poor for CHC with fibro-
sis stage = F4 (AUC = 0.684). The AUC for all other eti-
ological groups were good or excellent, ranging from 0.820
to 0.947. The cutoff value of the ELF scores, calculated us-
ing AUC, was higher in the CHC group compared to other
groups for fibrosis stages = F2 to = F4. Specifically, the cut-
off values for CHC, MASLD, and grouped categories were
11.57, 10.65, and 10.01, respectively, for stage = F2. The
CHC group also had a higher cutoff value in M2BPGi com-
pared to other groups. In the MASLD group, the ELF scores
demonstrated high specificity for stage = F1 (88.89% for
MASLD and 100% for grouped categories) . For stage > F2,

Table 4 Diagnostic performance of ELF score and M2BPGi within each of the three etiological groups

Liver . .. . e e
fibrosis | Underlying discase Fibrosis biochemical | puc (gssp ) ol Sensitity Seetliily ppy (9] NPV [%4]
stage arker value [%] [%]
MASLD ELF score 0.863 (0.743-0.984) 9.69 76.92 88.89 95.24 57.14
> F1 M2BPGi [COI] 0.784 (0.636-0.933) 1.20 57.69 100 100.00 45.00
. |ELF score 0.899 (0.801-0.996) 9.92 68.89 100 100.00 39.13
Grouped categories .
M2BPGi [COI] 0.863 (0.742-0.984) 0.98 80.00 88.89 97.30 47.06
CHC ELF score 0.809 (0.656-0.962) 11.57 59.26 100.00 100.00 35.29
M2BPGi [COI] 0.895 (0.786-1.000) 3.36 77.78 100.00 100.00 50.00
> F2 MASLD ELF score 0.934 (0.854-1000) 10.65 81.25 94.74 92.86 85.71
M2BPGi [COI] 0.883 (0.767-0.999) 1.07 93.75 73.68 75.00 93.33
. |ELF score 0.870 (0.770-0.971) 10.01 92.00 72.41 76.67 91.67
Grouped categories .
M2BPGi [COI] 0.749 (0.616-0.882) 2.18 60.00 82.76 75.00 70.59
CHC ELF score 0.729 (0.559-0899) 11.80 59.09 90.91 92.86 52.63
M2BPGi [COI] 0.773 (0.601-0.944) 3.36 81.82 72.73 85.71 66.67
> F3 MASLD ELF score 0.936 (0.859-1.000 11.30 90.91 87.5 76.92 95.45
M2BPGi [COI] 0.875 (0.759-0.992) 1.07 100.00 62.5 55.00 100.00
Grouped categories ELF score 0.869 (0.773-0.965) 10.70 100.00 78.05 59.09 100.00
M2BPGi [COI] 0.837 (0.728-0.946) 3.45 69.23 87.8 64.29 90.00
CHC ELF score 0.739 (0.562-0.916)  11.87 62.50 82.35 76.92 70.00
M2BPGi [COI] 0.684 (0.497-0.871) 7.44 37.50 100 100.00 62.96
> F4 MASLD ELF score 0.900 (0.783-1.000) 11.30 100.00 73.33 38.46 100.00
M2BPGi [COI] 0.947 (0.872-1.000) 1.70 100.00 86.67 55.56 100.00
Grouped categories ELF score 0.874 (0.782-0.966) 10.78 100.00 75.56 45.00 100.00
M2BPGi [COI] 0.820 (0.686-0.953) 3.67 66.67 86.67 50.00 92.86

AUC: area under the curve; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value; ELF score:
enhanced liver fibrosis score; M2BPGi: Mac-2 binding protein glycosylation isomer; CHC: chronic hepatitis C; MASLD: metabolic
dysfunction associated steatotic liver disease. CHB, alcohol-associated liver disease, AIH, PBC, PBC-AIH overlap syndrome, and
unknown etiologies were grouped together as grouped categories. The cutoff value was defined as the point maximizing the Youden

index.
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the sensitivity and specificity in MASLD were 81.25% and
94.74%, respectively, and for stage = F3, the sensitivity was
90.91% and specificity was 87.50%. In grouped categories,
the sensitivity and specificity for stage = F2 were 92.00%
and 72.41%, respectively, and for stage = F3, 100.00% and
78.05%. For stage = F4, both MASLD and the grouped cat-
egories demonstrated high sensitivity (100.00%). In con-
trast, the ELF scores for the CHC group exhibited lower
sensitivities (59.09% to 62.50%) and higher specificities
(82.35% to 100.0%) for stages = F2 to = F4. Due to the
large difference between the overall and CHC group cutoff
values in the ELF scores at = F2, the sensitivity and spec-
ificity for CHC were calculated using the overall cutoff val-
ue (10.64), resulting in 92.59% and 16.67%, respectively.
Additionally, because the difference between the overall
and grouped categories cutoff values in the ELF scores at
> F2 was larger than at other fibrosis stages, the sensitivi-
ty and specificity for each disease were compared using
both the overall and grouped categories cutoff values. For
= F2, the sensitivity/specificity for PBC and PBC-ATH
overlap syndrome were 63.63%/100.00% using the over-
all cutoff (10.64) and 81.82%/100.00% using the grouped
categories cutoff (10.01). Similarly, the sensitivity/speci-
ficity for ATH and PBC-AIH overlap syndrome, Unknown
etiologies, CHB, and alcohol-associated liver disease
were 80.00%/100.00% and 100.00%/71.43%,
100.00%/77.78% and 100.00%/55.56%, 100.00%/85.71%
and 100.00%/85.71%, and 100.00%/100.00% and
100.00%/100.00%, respectively.

The impact of age on the ELF scores

The median (IQR) ELF scores for individuals under 65
years were 8.60 (7.93-9.66), 9.52 (9.02-10.74), 10.50
(9.76-11.66), 11.32 (11.01-10.91), and 12.34 (11.70-
12.57) for fibrosis stages F0, F1, F2, F3, and F4, respec-
tively. For those aged 65 years and older, the median
(IQR) ELF scores were 9.62 (9.15-10.19), 10.29 (9.59-
10.87), 11.45 (10.42-11.99), 11.77 (11.85-12.16), and
11.97 (11.32-12.69) for the corresponding fibrosis stages.
There was no significant difference in the median ELF
scores between the under 65 and 65 and older groups at
any stage of liver fibrosis (P=0.1419 for F0, P=0.0887 for
F1, P=0.1593 for F2, P=0.5054 for F3, P=0.6674 for F4).

TV, DiSCUSSION. . oottt et et

In the present study of a sample of Japanese patients
with liver disease, we evaluated ELF scores for the di-
agnosis of the stage of liver fibrosis and compared ELF
scores with other noninvasive fibrosis markers such
as PLT counts ¥, APRI?, Fib-4 index?®, M2BPGi lev-
els ', and ATX levels . ELF scores had the highest

correlation coefficient with liver fibrosis among other
biomarkers (p=0.741, P<0.001). The ELF score could
distinguish the fibrosis stages more clearly than the oth-
er biomarkers. ELF scores showed high AUC (= 0.8) at
all stages, and good diagnostic ability was obtained. Using
the AUC method, the ELF score could be used to detect
mild (F1) liver fibrosis with high specificity (94.44%)
and to exclude severe/cirrhotic (F3-F4) liver fibrosis
with high sensitivity (86.96%). This suggests that the
ELF score is an alternative marker for distinguishing
mild or severe liver fibrosis and is a better marker than
other noninvasive markers.

Overall, ELF scores showed the highest correlation
with the fibrosis stage among other biomarkers. A pre-
vious study also reported a strong correlation between
ELF scores and histological fibrosis in PBC patient was
strong 7. These facts suggest that ELF scores most accu-
rately reflect liver fibrosis among other noninvasive bio-
markers.

The overall median ELF scores, Fib-4 index, M2BPGi
levels, and total ATX levels tended to increase, while
PLT counts decreased with the progression of liver fi-
brosis. Among the successive fibrosis stages, the ELF
scores were significantly different only between the FO
and F1 stages and between the F1 and F2 stages. The
ability of ELF scores to distinguish the early stages of
fibrosis suggests their clinical utility in identifying pa-
tients at different risk levels. There was no significant
difference between the F2 and F3 stages or between the
F3 and F4 stages. However, a previous study in Japa-
nese patients reported that ELF scores increased with
the development of liver fibrosis and showed significant
differences among all fibrosis stages (P <0.05)'®. This
discrepancy may be attributed to the small sample size
used in this study. However, among other markers, only
PLT counts (F3-F4), M2BPGi level (FO-F1), and total
ATX level (F1-F2) could significantly differentiate be-
tween the fibrosis stages. These results suggest that the
ELF score can more clearly distinguish the early stages
of fibrosis than other markers, but PLT counts can more
clearly distinguish cirrhosis than other markers.

When comparing ELF scores and ATX levels for liver fi-
brosis stages, these were evaluated separately for males
and females, as there are sex differences in ATX levels .
In both sexes, the median ELF scores increased with the
progression of liver fibrosis; however, the median ATX
levels did not consistently increase with the development
of fibrosis at any stage. In the analysis of ELF scores and
ATX levels across liver fibrosis stages by sex, there were
no significant differences between males, except for the
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ELF scores between F0 and F1. In previous studies, ATX
levels were observed to increase with the progression of
liver fibrosis in both males and females, with significant
differences between each stage ¥,

We assessed the diagnostic accuracy of ELF scores for
predicting various fibrosis stages and compared them
with those of other fibrosis markers using AUC. ELF
scores demonstrated excellent diagnostic accuracy for
identifying fibrosis stages = F1, = F2, and = F3, with AUC
values of 0.913, 0.890, and 0.870, respectively. The AUC
for = F4 was good at 0.850. The consistently high AUC val-
ues suggest that ELF scores are effective in distinguish-
ing between the different fibrosis stages. ELF scores
demonstrated high specificity, PPV and LR+ for = F1, sug-
gesting that ELF scores are particularly reliable in the
definitive diagnosis of mild (F1) liver fibrosis. For = F2,
ELF scores had a balanced sensitivity and specificity.
This balance is crucial for accurate identification of pa-
tients with moderate fibrosis. For = F3 and = F4, the ELF
scores showed high sensitivity and NPV. These findings
suggested their effectiveness in ruling out advanced fi-
brosis and cirrhosis. Previous studies have shown that
the ELF score has accurate diagnostic performance in
CHC, MASLD, and PBC cases in European and American
populations 2”-??, In Japan, Seko et al. reported that in a
study of 371 Japanese patients with MASLD, the AUC of
the ELF scores for stages = F1, = F2, = F3, and = F4
were 0.825, 0.817, 0.802, and 0.812, respectively .

ELF scores showed significantly higher AUC values for
> F1 than for PLT counts, APRI, Fib-4 index, and ATX
levels. Similar AUC values were observed compared to
the M2BPGi levels. For = F2, ELF scores had significant-
ly higher AUC than PLT counts, APRI, and Fib-4 index,
and similar AUC to M2BPGi levels and ATX levels. For
> F3 and = F4, the ELF scores had AUC values compa-
rable to those of the other biomarkers, except for APRI.
ELF scores had the highest sensitivity among the mark-
ers for = F2 and = F3, emphasizing their ability to detect
moderate and advanced fibrosis. These results suggest
that ELF scores are strong predictors of liver fibrosis, es-
pecially in the moderate to advanced stages. The ELF
scores outperformed or showed a similar performance to
other fibrosis markers, indicating their reliability in clini-
cal practice. ELF scores, with their high sensitivity and
specificity, may be valuable in noninvasive fibrosis as-
sessment and could aid in clinical decision-making, re-
ducing reliance on invasive procedures, such as liver bi-
opsy. In this study, the AUC of ELF scores and M2BPGi
levels were comparable. However, the cut-off value of
M2BPGi levels remained nearly constant from F2 to F4,

rendering it impractical for clinical use. A previous study
reported that the ELF score and M2BPGi level exhibited
nearly equivalent performances in ROC analysis among
patients with hepatitis B. However, variations in perfor-
mance were observed based on the chosen cutoff val-
we?.

The AUC of the ELF scores for predicting = F1 was sig-
nificantly higher than that of the ATX levels in both males
and females. This suggests that the ELF scores are more
effective in distinguishing the early stages of fibrosis in
both sexes. The AUC of ELF scores for = F2, = F3, and
= F4 were comparable to that of ATX levels in both males
and females. This implies that ELF scores and ATX levels
have similar diagnostic accuracies in identifying moderate
fibrosis, advanced fibrosis, and cirrhosis. ELF scores gen-
erally outperform ATX levels in predicting early fibrosis
stages (= F1) in both sexes, while their performance be-
comes comparable in advanced stages. In this study, the
cutoff values for ELF scores and ATX levels in both sexes
were nearly identical for every fibrosis stage and were
deemed impractical for clinical use. In previous studies,
the cutoff values for ATX levels in both sexes showed
clear differences between each stage, increasing with the
progression of liver fibrosis stages ¥,

In this study, a range of underlying diseases was includ-
ed, necessitating an examination of their influence on the
observed parameters. Notably, the impact of these dis-
eases was evident in the ELF scores and M2BPGi levels
during the early stages of fibrosis (F1-F2). Specifically,
the CHC group demonstrated significantly higher values
compared to other disease groups. ELF scores and M2B-
PGi values may vary depending on the specific underly-
ing disease.

When evaluating the AUC by segregating the CHC group,
MASLD group, and other grouped categories, the ELF
scores were favorable across all disease categories. Seko
et al. reported that the AUC was 0.8 or higher across all
stages of liver fibrosis in patients with MASLD, which
aligns with our findings. Additionally, they identified the
cut-off values of the ELF test for fibrosis stages = F1, =
F2, = F3, and = F4 as 9.10, 10.11, 11.10, and 11.54, re-
spectively, which are consistent with our results of 9.69,
10.65, 11.30, and 11.30 2. For both the ELF scores and
M2BPGi levels, the cutoff values determined by AUC for
the CHC group were higher at each fibrosis stage com-
pared to the overall cohort and other disease groups. Us-
ing an overall ELF score cutoff value of = F2 for the CHC
group results in low specificity, leading to a high number of
false positives. Therefore, it is challenging to apply the
overall cutoff value of the ELF score to the CHC group.
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The MASLD group and other grouped categories demon-
strated high specificity for fibrosis stages = F1, with over-
all trends showing similar specificity. For stages = F2, both
sensitivity and specificity were comparable across the
groups, aligning with the overall trends. Additionally, they
tended to exhibit high sensitivity for stages = F3 and = F4.
However, this pattern was not observed in the CHC group.
When comparing the sensitivity and specificity of each dis-
ease within the grouped categories for fibrosis stage = F2
using both the overall cutoff values and the cutoff values
obtained for the grouped categories, the following observa-
tions were made: In the PBC group, the cutoff values ob-
tained for the grouped categories demonstrated higher
sensitivity. However, in the ATH group and the unknown
group, the grouped categories exhibited lower specificity.
No other major differences were noted.

To evaluate the impact of age on ELF scores, we an-
alyzed the ELF scores of patients under 65 years and
those over 65 years at each fibrosis stage. No significant
differences were found at any stage, indicating that age
does not have a significant influence on ELF scores.

This study had several limitations. The small sample
sizes may have contributed to the lack of significant
differences between successive fibrosis stages and the
indistinguishable cutoff values for some markers across
stages. Larger studies are required to validate these find-
ings. Future studies should investigate the utility of ELF
scores in diagnosing advanced liver fibrosis or cirrhosis.
The participants had various etiologies of liver fibrosis,
which might have influenced the ELF scores. Future
studies should evaluate the usefulness of ELF scores for
individual etiologies.

V. ConcluSion . .....ooovniiiiiiii e

In conclusion, ELF scores demonstrated the highest
correlation with liver fibrosis stages among noninvasive
biomarkers and provided excellent diagnostic accuracy
for identifying fibrosis stages. They were particularly ef-
fective in distinguishing early fibrosis stages and showed
high sensitivity and specificity for advanced stages.
Despite some limitations, ELF scores outperformed or
showed comparable performance to other fibrosis mark-
ers, making them a reliable tool in clinical practice for
noninvasive fibrosis assessment. Future studies with
larger sample sizes and focused on specific etiologies are
warranted to further validate these findings and expand
the clinical utility of ELF scores in liver fibrosis diagno-
sis.
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ABSTRACT

Rapid qualitative antigen tests are essential for the management of COVID-19, but their sensitivity and spec-
ificity vary. This study prospectively evaluated the diagnostic performance of a newly developed product, the
SARS-CoV-2 Rapid antigen test 2.0 (Roche Diagnostics GmbH, Mannheim, Germany) in anterior nasal and na-
sopharyngeal samples, comparing results with reverse transcription polymerase chain reaction (RT-PCR) in na-
sopharyngeal samples. The symptomatic participants or asymptomatic participants with a history of close contact
with COVID-19 patients were consecutively enrolled. The study also evaluated the sensitivities across different
viral loads in pooled samples with known viral RNA levels and compared them with those of a previous product.

Among 287 participants, 283 were symptomatic and 187 tested positive for SARS-CoV-2; 179 nasopharyngeal
samples had viral loads = 1,000 copies/test. The antigen test had a sensitivity of 92.5% (95% confidence interval
[CI] : 87.8%-95.8%) and specificity of 100% (95% CI: 96.4%-100%) in anterior nasal samples. When stratified
by viral loads in the corresponding nasopharyngeal samples (= 10°, > 10* to <10°, = 10° to <104, = 10? to <107,
and <102 viral copies/test), the sensitivities were 95.9%, 91.3%, 70.0%, 100%, and 40%, respectively. For naso-
pharyngeal samples, the sensitivity and specificity of the antigen test were 97.3% (95% CI: 93.9%-99.1%) and
99.0% (95% CI: 94.6%-100%), respectively. In the evaluation of pooled samples, the SARS-CoV-2 Rapid antigen
test 2.0 demonstrated a lower limit of detection for SARS-CoV-2 compared to the previous product.

The SARS-CoV-2 Rapid antigen test 2.0 exhibited sufficient diagnostic performance, with improved detection
performance over the previous products.

(Lab Med Int 2025; 4 (1) : 21-28]
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L INTRODUCTION ..........oooiiin

Severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) has been prevailing and causing coronavi-
rus disease (COVID-19) worldwide V. Despite advance-
ments in treatments and vaccination efforts, COVID-19
continues to pose a significant health threat to vulnerable
populations V', underscoring the critical need for prompt
and accurate diagnosis for effective infection control.
While molecular examinations are the gold standard for
COVID-19 diagnosis because of their high reliability #,
rapid antigen tests have been widely used due to their
convenience, immediate results, and wide availability *'.

Prior to the emergence of the Omicron variant and oth-
er subsequent variants, the SARS-CoV-2 Rapid antigen
test (Roche Diagnostics GmbH, Mannheim, Germany)
showed sufficient sensitivity and specificity in nasopha-
ryngeal samples ¥ . However, our previous study revealed
a significant decrease in the test’s sensitivity for samples
containing low viral load, e.g., anterior nasal samples® .
As such, re-evaluating and improving the diagnostic per-
formance of this product seem warranted.

The SARS-CoV-2 Rapid antigen test 2.0 (Roche Diag-
nostics GmbH, Mannheim, Germany) is an improved
version of the SARS-CoV-2 Rapid antigen test using new
reagents but its utility with clinical samples has not yet
been evaluated. In this study, we conducted a prospective
evaluation of the diagnostic performance of the SARS-
CoV-2 Rapid antigen test 2.0 using both anterior nasal
and nasopharyngeal samples. Additionally, we assessed
its sensitivity across a range of viral loads by analyzing
pooled samples with known quantities of viral RNA.

II. MATERIALS AND METHODS .....................

The evaluations were performed at a drive-through
PCR center in Tsukuba Medical Center Hospital (TMCH;
Tsukuba, Japan) between August 16 and August 29, 2022.
All of the participants were referred for SARS-CoV-2 RT-
PCR from 42 clinics and a local public health center as
previously described ¥?. The study included participants
having symptoms compatible with COVID-19 or a histo-
ry of close contact with COVID-19 patients if they were
asymptomatic. The results of the SARS-CoV-2 Rapid
antigen test 2.0 were compared with those of RT-PCR
with nasopharyngeal samples. One anterior nasal sample
and two nasopharyngeal samples were simultaneously

collected from participants after obtaining their verbal
informed consent. The informed consent process was
performed verbally to prevent infection transmission and
was documented in the corresponding electronic medical
record. The ethics board of the University of Tsukuba ap-
proved the protocol (approval number: R03-041).

Sample collection and antigen testing with SARS-
CoV-2 Rapid antigen test 2.0

Anterior nasal samples were first obtained from both
nostrils, as previously described ¥, and two nasopharyn-
geal samples were then collected for antigen testing and
RT-PCR following the recommended procedure . The
swab included in the antigen test kits was used for anti-
gen testing, and a FLOQSwab (Copan ItaliaSpA, Brescia,
Italy) was used for RT-PCR. All sample collections were
performed by trained medical staff. Antigen testing was
performed immediately after sample collection.

Procedures for RT-PCR examinations

For RT-PCR, swabs collected from the nasopharynx
were suspended in 3 mL of Universal Transport Medium
(UTM; Copan Italia SpA) and preserved at —80°C after
in-house RT-PCR at the TMCH microbiology depart-
ment. The in-house RT-PCR was performed primarily for
clinical purposes and its procedures for in-house RT-PCR
have been described previously 9 . Briefly, purification
and RNA extraction were performed using a magLEAD
6gC (Precision System Science Co., Ltd., Chiba, Ja-
pan) from 200 uL aliquots of UTM. The GENECUBE®
(TOYOBO Co., Ltd., Osaka, Japan) and GENECUBE®
HQ SARS-CoV-2 assays, which target the N region, were
used for detecting SARS-CoV-2. The UTM was then
transported to LSI Medience Corporation (Tokyo, Japan)
for reference RT-PCR testing.

As a reference, real-time RT-PCR at LSI Medience
Corporation was performed using the national standard
method developed by the National Institute of Infectious
Diseases (NIID), Japan®'©-'¥, The purification and RNA
extraction were performed on 200-uL aliquots of UTM
samples using the Maxwell® RSC Viral Total Nucleic
Acid Purification Kit and Maxwell® RSC 48 Instrument
(Promega Corporation, Madison, WI, USA). The NIID
test targets the N2 region, and the RT-PCR equipment
included the cobas® z480 (Roche Diagnostics Inter-
national Ltd., Rotkreuz, Switzerland), the QuantiTect®
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Probe RT-PCR Kit (QIAGEN, Hilden, Germany), and
a SARS-CoV-2 standard (Exact Diagnostics LLC, Fort
Worth, TX, USA). Viral loads were quantified using the
NIID N2 method with calibration curves generated from
EDX SARS-CoV-2 Standard (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) at concentrations of 100, 125, 250,
500, and 1000 copies/reaction. The average viral load of
the duplicate assays per sample was used for analysis.

Samples with discrepancies between in-house RT-PCR
and NIID N2 RT-PCR underwent further testing using
the cobas® Liat® system and cobas® Liat SARS-CoV-2
& Influenza A/B (Liat; Roche Molecular Systems, Inc.,
Pleasanton, CA, USA)¥-19, The Liat assays were ex-
clusively used for resoloving the discordance, with their
results considered definitive for determining the SARS-
CoV-2 status of the sample.

Evaluation of limit of detection of the SARS-CoV-2
Rapid antigen test 2.0 and the SARS-CoV-2 Rapid
antigen test

To evaluate the limit of detection (LOD) for SARS-
CoV-2 using the SARS-CoV-2 Rapid antigen test 2.0, we
prepared samples of 7 concentrations for the evaluation
by serially diluting 4 pooled positive samples with 5 neg-
ative matrix samples (UTM; four pooled nasopharyngeal
samples). The 4 pooled positive samples were prepared
from preserved UTM media of participants previously
diagnosed with COVID-19.

For each concentration, 20 samples were prepared, re-
sulting in a total of 140 samples for the study. The LOD
evaluation was performed concurrently with the SARS-
CoV-2 Rapid antigen test 2.0 and the SARS-CoV-2 Rapid
antigen test.

For antigen testing with both kits, 350 pL of each of the
140 specimens were added with an equal volume of the
extraction buffer provided in the antigen kit. The anti-
gen tests were performed following the manufacturer’s
instructions, and the interpretation of the antigen test re-
sults was carried out by two independent medical techni-
cians in a blinded manner. To ensure blinding, all samples
were randomly numbered by other researchers before
being provided to the technicians. The limit of detection
(LOD) was defined as the viral concentration at which
both examiners achieved a detection sensitivity of >95%.

Statistical analyses

The sensitivity and specificity of the antigen tests were
calculated with 95% confidence intervals (CIs). The
sensitivity was stratified according to the viral loads as-
sessed by the N2 set of the NIID method. If a sample had

tested negative on the NIID N2 RT-PCR but positive on
the in-house RT-PCR and Liat assay, it would have been
considered to have a minimal viral load of < 100 copies/
test.

All statistical analyses were conducted using the R 4.1.2
software program (R Foundation, Vienna, Austria) with
the “readxl,” “tidyverse,” and “epiR” packages.

IIL RESULTS. ...

In this study, 287 participants were assessed, and 283
(98.6%) were found to be symptomatic. The median in-
terval from symptom onset to sample collection was 1.0
days (IQR: 1.0-2.0 days). The NIID N2 assays were pos-
itive in 185 samples and negative in 102 samples, among
which the results of 5 samples were different from those
of in-house RT-PCR tests. Of the 5 samples, the Liat as-
says were positive in 3 and negative in 2 (Supplementa-
ry Table 1). As a result, we considered SARS-CoV-2 to
be positive in 187 (65.2%) and negative in 100 samples
(34.8%).

Diagnostic performance of SARS-CoV-2 Rapid anti-
gen test 2.0 in anterior nasal samples

Table 1 shows the diagnostic performance of SARS-
CoV-2 Rapid antigen test 2.0 in anterior nasal samples.
The overall sensitivity and specificity were 92.5% (95%
CI: 87.8%-95.8%) and 100% (95% CI: 96.4%-100%),
respectively. When stratified by viral loads of copies/
test (with = 10°, = 10* to <10°, = 10° to <104, = 10?
to <10% and <10?) in the corresponding nasopharyngeal
samples, the sensitivities were 95.9% (95% CI: 91.3%—
98.5%), 91.3% (95% CI: 72.0%-98.9%), 70.0% (95% CI:
34.8%-93.3%) , 100% (29.2%-100%) , and 40.0% (95%
CIL: 0%—-84.2%) , respectively (Table 2).

Diagnostic performance of SARS-CoV-2 Rapid anti-
gen test 2.0 in nasopharyngeal samples

The SARS-CoV-2 Rapid antigen test 2.0 demonstrated
an overall sensitivity of 97.3% (95% CI: 93.9-99.1%) and
specificity of 99.0% (95% CI: 94.6-100%) when using
nasopharyngeal samples (Table 3). As shown in Table 4,
the sensitivities of the SARS-CoV-2 Rapid antigen test 2.0
for nasopharyngeal samples with viral loads of = 10°, =
10*to <105, = 10° to <104, = 10? to <10°, and <10?cop-
ies/test were 99.3% (95% CI: 96.2-100%), 100% (95%
CI: 85.2-100%), 90.0% (95% CI: 55.5-99.7%), 100%
(95% CI: 29.2-100%), and 40% (95% CI: 5.3-85.3%),
respectively.

Table 5 summarizes the variation in sensitivity of the
SARS-CoV-2 Rapid antigen test 2.0 according to days
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since symptom onset. While sensitivity in anterior nasal
samples increased from 86.7% on day 0 to 100% from day
3 onwards, nasopharyngeal samples consistently demon-
strated a sensitivity exceeding 90% throughout the ob-
servation period.

Evaluation and comparison of the limit of detection
of the SARS-CoV-2 Rapid antigen test 2.0 and the
SARS-CoV-2 Rapid antigen test

For the SARS-CoV-2 Rapid antigen test 2.0, both inves-
tigators reported 100% detection rates at concentrations

of 6,250 copies/test and higher on the corresponding
UTM samples (Table 6). In contrast, for the SARS-
CoV-2 Rapid antigen test, both investigators demonstrat-
ed 100% detection rates up to a concentration of 12,500
copies/test. The complete dataset was provided as Sup-
plementary Table 2.

IV.DISCUSSION.......oiiiiiiiiiiii i

Among anterior nasal and nasopharyngeal samples, the
SARS-CoV-2 Rapid antigen test 2.0 demonstrated high
sensitivities of 92.5% and 97.3%, retaining specificities

Table 1 Diagnostic performance of the SARS-CoV-2 Rapid antigen test 2.0 with anterior
nasal samples

Real-time RT-PCR

Positive Negative
Antigen test Positive 173 0
Negative 14 100

92.5 (87.8-95.8)
100 (96.4-100)

RT-PCR, reverse transcription-polymerase chain reaction
Data in parentheses indicate 95% confidence intervals.

Sensitivity (%)
Specificity (%)

Table 2 Sensitivity of the SARS-CoV-2 Rapid antigen test 2.0 with anterior nasal samples
stratified by viral loads of RT-PCR with nasopharyngeal samples

Virus copies/test (NIID, N2) Sensitivity (%) Positive Negative
> 10° 95.9 (91.3-98.5) 140 6
10%-10° 91.3 (72.0-98.9) 21 2
10°-10* 70.0 (34.8-93.3) 7 3
102-10° 100 (29.2-100) 3 0

< 10? 40 (5.3-85.3) 2% 3*

NIID, National Institute of Infectious Diseases (NIID), Japan; RT-PCR, reverse transcrip-

tion-polymerase chain reaction

* The viral loads of three SARS-CoV-2 positive samples, which tested negative on the NIID N2
assay but positive on both the in-house PCR and Liat assay, were determined to be below 100
copies/test.

Data in parentheses indicate 95% confidence intervals.

The viral loads for RT-PCR were determined using the NIID (N2 gene), Japan method

Table 3 Diagnostic performance of the SARS-CoV-2 Rapid antigen test 2.0 with nasopha-
ryngeal samples

Real-time RT-PCR

Positive Negative
Antigen test Positive 182 1
Negative 5 99

97.3 (93.9-99.1)
99.0 (94.6-100)

RT-PCR, reverse transcription-polymerase chain reaction
Data in parentheses indicate 95% confidence intervals.

Sensitivity (%)
Specificity (%)
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Table 4 Sensitivity of the SARS-CoV-2 Rapid antigen test 2.0 with nasopharyngeal sam-
ples stratified by viral loads of RT-PCR with nasopharyngeal samples

Virus copies/test (NIID, N2) Sensitivity (%) Positive Negative
> 10° 99.3 (96.2-100) 145 1
10%-10° 100 (85.2-100) 23 0
10°-10* 90.0 (55.5-99.7) 9 1
10%-10° 100 (29.2-100) 3 0

< 10? 40 (5.3-85.3) 2% 3*

NIID, National Institute of Infectious Diseases (NIID), Japan; RT-PCR, reverse transcrip-

tion-polymerase chain reaction

* The viral loads of three SARS-CoV-2 positive samples, which tested negative on the NIID N2
assay but positive on both the in-house PCR and Liat assay, were determined to be below 100
copies/test.

Data in parentheses indicate 95% confidence intervals.

The viral loads for RT-PCR were determined using the NIID (N2 gene), Japan method

Table 5 Sensitivity of the SARS-CoV-2 Rapid antigen test 2.0 stratified by the number of
days since symptom onset

Anterior nasal samples

Days since onset Sensitivity (%) Positive Negative
0 86.7 (59.5-98.3) 13 2

1 86.9 (77.8-93.3) 73 11

2 97.8 (88.5-99.9) 45 1

3 100 (82.4-100) 19 0

4 100 (69.2-100) 10 0

>5 100 (54.1-100) 6 0
Nasopharyngeal samples

Days since onset Sensitivity (%) Positive Negative
0 100 (78.2-100) 15 0

1 95.2 (88.3-98.7) 80 4

2 100 (92.3-100) 46 0

3 94.7 (74.0-99.9) 18 1

4 100 (69.2-100) 10 0

>5 100 (54.1-100) 6 0

Of the 283 symptomatic participants included in the data, onset date was unavailable for 11.
Data in parentheses indicate 95% confidence intervals.

Table 6 Detection rates of SARS-CoV-2 Rapid antigen test 2.0 and SARS-CoV-2 Rapid antigen test at differ-
ent viral concentrations using pooled positive samples

Viral Concentration

SARS-CoV-2 Rapid antigen test 2.0 SARS-CoV-2 Rapid antigen test
on UTM samples (copies/test) 0 apid antigen tes 0 apid antigen tes

Examiner A Examiner B Examiner A Examiner B
100,000 100% (20/20) 100% (20/20) 100% (20/20) 100% (20/20)
50,000 100% (20/20) 100% (20/20) 100% (20/20) 100% (20/20)
25,000 100% (20/20) 100% (20/20) 100% (20/20) 100% (20/20)
12,500 100% (20/20) 100% (20/20) 100% (20/20) 100% (20/20)
6,250 100% (20/20) 100% (20/20) 90% (18/20) 100% (20/20)
3,125 95% (19/20) 90% (18/20) 75% (15/20) 65% (13/20)
1,563 55% (11/20) 50% (10/20) 35% (7/20) 25% (5/20)

UTM, Universal Transport Medium
The values in parentheses represent the number of positive samples detected out of the total number of samples
tested at each concentration.
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of 100% and 99.0%, respectively. In addition, the analysis
of pooled positive samples in this study also suggested a
lower LOD of SARS-CoV-2 Rapid antigen test 2.0 com-
pared to its previous product.

The anterior nostrils generally have a lower viral load
than the nasopharynx '”. In fact, according to our previ-
ous study, the SARS-CoV-2 Rapid antigen test showed a
modest sensitivity of 72.7% in anterior nasal samples *.
However, in the current study, the diagnostic perfor-
mance of the SARS-CoV-2 Rapid antigen test 2.0 was
high and comparable for both sample types. A notable
difference in sensitivity existed only in samples with viral
loads of 103-104 copies/test, with sensitivities of 70.0%
and 90.0% for anterior nasal and nasopharyngeal samples,
respectively (Table 2 and Table 4). This finding sug-
gests that the sensitivity of the current product has im-
proved compared to the SARS-CoV-2 Rapid antigen test.
In addition, our pooled sample analysis, which showed a
better LOD for the SARS-CoV-2 Rapid antigen test 2.0
than for the original SARS-CoV-2 Rapid antigen test, pro-
vides further evidence of its improved sensitivity.

The high sensitivity of the SARS-CoV-2 Rapid antigen
test 2.0 in anterior nasal samples can increase the util-
ity of antigen tests. Anterior nasal sample collections
may prevent the induction of cough or sneezing during
sample collection, thus reducing virus transmission from
patients ¥, In addition, anterior nasal sample collection is
less burdensome and more suitable for self-testing than
nasopharyngeal collection . Despite showing a slight
decrease in sensitivity on the first and following days of
symptom onset (Table 5), the SARS-CoV-2 Rapid anti-
gen test 2.0 maintains good performance with anterior
nasal samples. The availability of several antigen tests as
over-the-counter products has contributed to the increas-
ing popularity and widespread use of self-testing. The
good sensitivity of the SARS-CoV-2 Rapid antigen test
2.0 in anterior nasal samples may further promote the
adoption of this sampling method, making testing more
accessible and convenient for the general population.

Differences in genome variants of SARS-CoV-2 are
another factor that can influence the diagnostic perfor-
mance of antigen tests. The study period during which
this evaluation was performed was the “7th wave” of
COVID-19 in Japan, where the Omicron BA4/5 variant
was dominant. Compared to the Omicron BA.1 variant,
Roche’s previous product, SARS-CoV-2 Rapid antigen
test, showed a reduced sensitivity for the BA.2, BA.5
variant ?. Despite this, the SARS-CoV-2 Rapid antigen
test 2.0 demonstrated adequate analytical performance
with both anterior nasal and nasopharyngeal samples,

although the current study did not analyze the genome
variant. It is important to note that the diagnostic perfor-
mance of antigen tests can change with the emergence of
other variants and should be continuously evaluated.
Several limitations associated with the present study
warrant mention. First, the study population consisted
primarily of symptomatic participants, with the majority
of corresponding nasopharyngeal UTM samples contain-
ing viral loads greater than 10* copies/test. Nevertheless,
two previous studies have reported similar sensitivities
for this antigen test, with 92.9% for nasal samples? and
92.1-92.9% for nasopharyngeal samples V2%, which are
consistent with our findings. Second, the use of frozen
samples may have influenced the reference test results.
Third, the study did not evaluate the potential impact of
vaccination status or medication use on the diagnostic
performance of the test. Finally, this study’s LOD evalu-
ation used samples stored in UTM, while direct inocula-
tion of sampled swabs into the antigen extraction medi-
um is the standard practice in clinical settings. This may
have influenced the tests’ performance -2 and should
be considered when interpreting the results of this study.
In conclusion, this first clinical evaluation of the SARS-
CoV-2 Rapid antigen test 2.0 showed a sufficient diag-
nostic performance with both anterior nasal and naso-
pharyngeal samples. In addition, the product showed an
improvement in its LOD for SARS-CoV-2. These results
support the clinical utility of the new product for detect-
ing SARS-CoV-2 and highlight the importance of continu-
ous evaluation and improvement of rapid antigen tests.
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ABSTRACT

Objective: During pregnancy, lipid metabolism is characterized by accumulation of fats during the first half of
pregnancy and an increase in catabolism during the later stages. However, the underlying mechanisms for this
shift are not well understood. We attempted to clarify the involvement of glycosylphosphatidylinositol-anchored
high-density lipoprotein-binding protein 1 (GPIHBP-1), an anchor protein for lipoprotein lipase (LPL), which is a
major lipid metabolism enzyme, by measuring its blood levels during pregnancy.
Methods: Blood samples were collected from non-pregnant women and from pregnant women at different stages:
early pregnancy (up to 20 weeks of gestation), mid-pregnancy (21-33 weeks of gestation), late pregnancy (34—
41 weeks of gestation), and puerperium (4-8 weeks after delivery). The levels of LPL and GPIHBP-1 were mea-
sured in each sample. In addition, these values were adjusted for albumin concentration to account for the effects
of physiological blood dilution due to pregnancy.
Results: During pregnancy, GPIHBP-1 and LPL blood concentrations decreased transiently but returned to non-
pregnant levels after delivery. When adjusted for albumin concentration, the decrease in GPIHBP-1 levels was
negated, while the decrease of LPL levels was preserved.
Conclusions: During the course of normal pregnancy, the levels of GPIHBP-1 showed a transient decrease,
which was thought to be due to physiological dilution. The levels of blood LPL also showed transient decrease
probably due to inhibition of lipolysis.

(Lab Med Int 2025; 4 (1) : 29-33]

lipid metabolism, lipoprotein lipase, physiological changes, pregnant women

. been the mechanism for this increase. In patients with in-
L Introduction............c.coviuiiiiiiiiiiiiiiaaaaeeannn. ) ) . ) )
creased insulin resistance, the control exerted by insulin
Blood triglyceride levels are known to be increased in is weakened, resulting in an accumulation of triglycerides
patients with diabetes mellitus and severe obesity. It is that remain unmetabolized.
believed that suppression of lipolytic enzymes, which are Lipoprotein lipase (LPL) is an enzyme responsible for

normally regulated by insulin in healthy individuals, has degrading lipoproteins, while glycosylphosphatidylinosi-
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tol-anchored high-density lipoprotein-binding protein 1
(GPIHBP1) serves as a critical scaffold for LPL on the
vascular endothelium.

Lipids absorbed through the intestine are present in the
blood as lipoproteins, which are complexes of lipids and
proteins. To be used as energy, the triglycerides within
these lipoproteins must be hydrolyzed to produce free
fatty acids. Additionally, lipoproteins are converted into
smaller lipoproteins and stored in the liver. LPL and GPI-
HBP-1 are known to play key roles in these processes V.

It has been reported that decreased activity or genetic
mutations in GPIHBP1?® and defects in LPL* cause ab-
normal elevations in blood lipid levels.

Moreover, LPL expression is known to be regulated by
insulin, and LPL blood levels tend to be low in conditions
characterized by insulin resistance or obesity *.

On the other hand, blood levels of total cholesterol (TC)
and triglycerides (TG) are well known to increase as
pregnancy progresses through the gestational weeks.

During pregnancy, a characteristic of lipid metabolism
is the increased fat assimilation and accumulation in the
earlier stages, which is followed by enhanced catabolism
of maternal fat in the later stages to satisfy the height-
ened demand as the fetus grows.

It has been reported that human placental lactogen
(hPL), which a hormone derived from the placenta, has
an anti-insulin effect that suppresses maternal glucose
utilization ® . Additionally, it plays a role in lipolysis in lat-
er stages of pregnancy owing to its lipolytic activity. As
mentioned previously, during pregnancy, fat metabolism
undergoes unique changes, but the specific alterations in
lipolytic enzymes during this process have not been fully
clarified.

Therefore, we decided to investigate the levels of blood
GPIHBP1 and LPL throughout the course of a normal
pregnancy.

II. Materials and Methods ...............cocovviiia....

(Subjects)

This study was approved by the Kiryu Kosei Hospital
Ethical Review Board for Medical Research Involving
Human Subjects.

The subject of this study included pregnant women
who underwent pregnancy management at Kiryu Kosei
Hospital. Excluded from this study were women with
hypertension, diabetes, or endocrine disorders. In addi-
tion, women with multiple pregnancies, intrauterine fetal
death, smokers, and heavy drinkers were also excluded.

Serum samples were collected from subjects at four
different points: early pregnancy (defined in this study

as before 20 weeks of gestation), mid-pregnancy (21-33
weeks), late pregnancy (34-41 weeks), and the puerpe-
rium (4-8 weeks after birth). During mid-pregnancy, 50
grams of glucose were administered, and blood samples
were collected one hour later as a screening for glucose
intolerance. Serum samples were collected without any
dietary or water restrictions during the other periods.

The samples were stored at —80°C until the following
measurements after routine biochemical analyses at the
hospital laboratory.

Serum samples were also collected from non-pregnant
women who provided consent to participate in the study.
(Measurements)

GPIHBP-1 was measured by using the sandwich ELISA
method using Anti-Human GPIHBP-CH79A4 Rat IgG
monoclonal antibody and HRP-conjugated Anti-Human
GPIHBP1-HE20A6 rat IgG Fab’ as detection antibodies
(#27279 Human GPIHBP1 Assay Kit, IBL Co., Ltd, Fu-
jioka, Japan)”. The intra-assay coefficients of variation
were 1.9%-5.0% and 1.7%-3.0% at 49.8-56.7 ng/L and
218.5-262.3 ng/L, respectively. The inter-assay coeffi-
cients of variation were 0.07 and 0.04% at 56.6 ng/L and
234.1 ng/L, respectively.

LPL was also measured by using the sandwich ELISA
method using Anti human LPL N3A1 Mouse IgG mono-
clonal antibody and HRP-conjugated anti-human LPL
88B8 mouse IgG as detection antibody (#27268 Human
Lipoprotein Lipase (LPL) Assay Kit, IBL Co., Ltd, Fujio-
ka, Japan)¥.

Blood levels of TG and TC were measured by using the
GP-HPLC method (LipoSEARCH®, IBL).

Concentrations of total protein and albumin were mea-
sured at LSI Medience.

(Analysis)

Statistical analysis was carried out using the Mann-
Whitney U test, and a P-value of <0.05 was considered
statistically significant.

IIL ResultsS. ... oo

A total of 67 pregnant women were recruited for the
study. However, 11 of them were diagnosed with glucose
intolerance during pregnancy and were excluded from
the study. Hence, the final group consisted of 56 pregnant
women.

The following are the number of blood samples collect-
ed at each stage: 29 during early pregnancy, 39 during
mid-pregnancy, 47 during late pregnancy, and 17 during
the puerperium. 16 blood samples were collected from
non-pregnant women.

Table 1 presents the background of the subjects. The
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distribution of age and weight was nearly identical be-
tween the non-pregnant women group and the pregnant
women group.

First, we measured total protein and albumin at each
stage of pregnancy as indicators of physiological blood
dilution resulting from pregnancy. Total protein levels
decreased to 80.6% as expected of those in non-pregnant
women during the mid-pregnancy, while albumin levels
decreased to 67.3% of those in non-pregnant women
during the late pregnancy (Fig. 1).

As shown in Figure 2, the level of GPIHBP-1 tran-
siently decreased to a statistically significant level
during pregnancy; then it recovered to the level seen in
non-pregnant women. However, the decrease was only
slight and not statistically significant after adjusting for
albumin concentration.

On the contrary, the level of LPL showed a statistically
significant decrease during late pregnancy transiently,
and then it recovered to a level that exceeded that of
non-pregnant women, even after adjusting for albumin
concentration.

TV, DiSCUSSION. . oottt ettt et

The changes in the levels of GPIHBP-1 and LPL during
the course of a normal pregnancy were clarified. The lev-

els of GPIHBP-1 showed a transient decrease and then
returned to the level observed in non-pregnant women,
but this effect was nullified when corrected for albumin
levels.

Consequently, it is most likely that this decrease was
the result of a dilution caused by increased blood volume
during pregnancy. As a result, it is difficult to state that
GPIHBP-1 plays a significant role in metabolism of lipids
during pregnancy.

Conversely, the levels of LPL transiently decreased
during late pregnancy. As already known, as the placenta
grows during pregnancy, levels of hPL increase, resulting
in increased insulin resistance within the physiological
range. The reduction in blood LPL concentration is prob-
ably linked to the suppression of lipolysis, similar to the
insulin resistance observed in obesity and diabetes.

In the puerperium, the level of LPL/Alb exceeded the
level of nonpregnant woman. It is thought that LPL ex-
pression increased with the increased demand for lipid
utilization associated with breast milk production during
the postpartum period.

V. LIMItations. ... .vovveneeie et

« LPL is anchored to the vascular endothelium by pro-
teoglycans and is released into the blood with the admin-

Table 1 Characteristics of the subjects

non-pregnant women

pregnant women

n 16 56
Age (y) 35 (22-42) 31 (19-42)
Prepregnant BMI (kg/m?) 21.5 (21.5-284) 21.6 (17.2-37.9)
Number of primigravida 6 (10.7%)
Gestational age at delivery (weeks) 39.4 (36.7-41.4)
Body Weight of the newborn (g) 2969  (2044.0 - 3962.0)
Number of cesarean section 6 (10.7%)

Total Protein (g/L)

0.0

non-pregnanct early pregnancy mid-pregnancy late pregnancy puerperium

Numbers are average (range)

Albumin (g/L)
5.0
4.5 —
40 —
35
30

2.5

v
o o o v o

o o

non-pregnanct early pregnancy mid-pregnancy late pregnancy  puerperium

Figure 1 Blood Levels of total protein and albumin
Blood levels of total protein and albumin in non-pregnant women and at each point of pregnancy. Data are presented as

average *+ standard error. *p<0.05 vs. non-pregnant women.
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Figure 2 Blood levels of GPIHBP-1 and LPL
The levels of GPIHBP-1 and LPL, both uncorrected and corrected for albumin, in non-pregnant women and at each point
of pregnancy. Data are presented as average =+ standard error. *p<0.05 vs non-pregnant women.

istration of heparin®. In the past, blood samples taken
after heparin administration (post-heparin) has been
used to measure the level of LPL. However, in recent
years, there have been reports indicating that LPL can
be adequately assessed even from blood samples without
heparin administration (pre-heparin)?®'.

Since administering heparin to pregnant women is not
advisable, it was not done in this study. Although blood
samples were collected without the administration of
heparin, we think that the measured LPL protein level
reflects LPL expression.

+ Blood samples were collected without any dietary or
water restrictions, except for those from mid-pregnancy,
which resulted in significant variations in the time since
feeding. The reliability of the data can be affected by
these variations.

- Only the blood samples from mid-pregnancy were
taken after glucose loading. While there are no reports
indicating that glucose loading affects lipid-metabolizing
enzymes, the possibility cannot be entirely ruled out.

VL ConcluSion.........cooviuieiiiii i,

During the course of normal pregnancy, the levels of
blood GPIHBP-1 showed transient decrease to statisti-
cally dominant levels, but the decrease was believed to
be due to physiological blood dilution that occurs during
pregnancy. The levels of blood LPL also showed transient

decrease probably due to inhibition of lipolysis.
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ABSTRACT

Gelatinous transformation (GT) is morphological change of fat tissue that reflects malnutrition. In bone marrow
with GT, gelatinous deposits occupying hematopoietic space result in hypocellularity. Therefore, GT is presumed
to be a cause of secondary anaemia. To characterise clinical feature, laboratory data and histology in patients with
bone marrow GT, we enrolled 104 patients who were autopsied at Tokushima University Hospital and Tokushima
Red Cross Hospital between August 2015 and July 2020. The patients were aged 71.7 = 11.4 years (69.2% male
individuals). Fifty-eight patients (55.8%) had malignant disease. Bone marrow and liver steatosis and medical
records were retrospectively studied. Clinical data and basic blood and urine parameters prior to 3 weeks before
death were analysed. Eighteen (17%) patients were assigned to the GT group. In this group, two (11.1%) cases
were complicated by bone marrow fibrosis. Immunohistochemically, C-X-C motif chemokine ligand 12 (CXCL12)
-positive stromal cells were present in the GT marrow area; however, the number of stellate-shaped reticular
cells with projections strongly positive for CXCL12 was reduced. Statistically, GT was not associated with malig-
nant disease, liver fibrosis, or steatosis. In the GT group, serum creatinine was significantly lower than that in
the non-GT group (median 0.75 mg/dL, IQR 0.61-1.17, p=0.047). The body mass index and geriatric nutritional
risk index were also significantly lower in the GT group (median 18.6, IQR 17.3-19.9, p<0.001; median 66.8, IQR
61.9-70.6, p=0.002, respectively). These results suggest that bone marrow GT indicates protein-energy malnu-
trition with muscle loss, but not with anaemia.

(Lab Med Int 2025; 4(1): 34-45)

gelatinous transformation, serum creatinine, bone marrow
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L Introduction...........ccooviniiiiiiiiiiiiiiinen...

Gelatinous transformation (GT) is known as a repre-
sentative histologic finding related to malnutrition.”-%
Synonyms for GT include “gelatinous degeneration” and
“serous atrophy.”* Bone marrow with significant GT
is called “gelatinous marrow” or “starvation marrow.”
In GT of the bone marrow, mucopolysaccharides rich in
hyaluronic acid deposit around the fat cells and make the
hematopoietic space narrow, leading to hypocellularity;
therefore, GT is believed to be a finding of secondary
anaemia.

In 2000, Bchm® examined the underlying diseases
in 155 cases of GT and identified the following causes:
tumours (including hematologic malignancies and carci-
nomas), malnutrition (including alcoholism and anorexia
nervosa), infections (including AIDS and active fevers),
maldigestion (including stomach ulcers and post-gastrec-
tomy), heart failure, metabolic disorders (including diabe-
tes mellitus and hypothyroidism), and others. Weight loss
or cachexia was found in 78% of the patients and 82%
were anaemic. B6hm ® concluded that GT represents an
indicator of severe illness in patients and that basic bio-
regulatory processes play a role in its pathogenesis.

However, most bone marrow examinations are per-
formed in the presence of abnormal blood cell counts;
thus, investigations using surgical material may have a
bias towards anaemia. Many studies that consider anae-
mia as the basis for GT have been published; **® how-
ever, the correlation between GT and anaemia remains
controversial.

The purpose of this study is to clarify the relationship
between GT and organ failure and the type of PEM by
retrospective observation. We also examined the status
of hematopoiesis associated mesenchymal cells in GT
bone marrow by immunostaining.

II. Materials and Methods .............coooviiieiin....

2. 1. Participants

Of the 205 patients who underwent autopsies at
Tokushima University Hospital and Tokushima Red Cross
Hospital between August 2015 and July 2020, 104 partic-
ipants aged 18 years or older who had their bone marrow
collected were enrolled (Figure 1). The enrolled partici-
pants’ mean age was 71.7 & 11.4 years and 69.2% were
male. Fifty-eight (55.8%) patients had malignant disease,
of whom 42 (40.4%) had solid tumours and 16 (15.4%)
had haematolymphoid tumours. The exclusion criteria
were patients for whom no laboratory data existed 3
weeks before autopsy and pathology specimens could not

be prepared due to poor fixation and decalcification. This
study was approved by the Ethics Committees of the
University of Tokushima Hospital (Application No. 3869-
2) and the requirement for informed consent was waived
as no personal information was disclosed.
2. 2. Clinical data

Data on height, weight, clinical diagnosis, and autopsy
diagnosis of malignancy at the last admission were col-
lected.
3. 3. Laboratory data

Laboratory data 3 weeks before autopsy was obtained.
The following blood laboratory parameters were evalu-
ated: white blood cell, total neutrophil, total lymphocyte,
red blood cell, and platelet counts; haemoglobin, aspar-
tate aminotransferase, alanine transaminase, alkaline
phosphatase, gamma-glutamyl transpeptidase, total
bilirubin, total cholesterol, triglyceride, cholinesterase,
albumin, total protein, globulin, creatinine, uric acid, and
C-reactive protein levels; and the amount of urine protein
and occult blood. For each test item, sample size calcu-
lation or power analysis was performed. Blood test data
were evaluated based on previous studies on reference
values for Japanese ”.

Cases that were autopsied at
Tokushima University Hospital and
Tokushima Red Cross Hospital
from August 2015 to July 2020
(n=205)

Cases with patients having no bone
marrow or with patients aged under
18 years

Extracted cases (n=116)

Cases for which sectioning and
staining were not possible (n=7);
cases with no laboratory data three
weeks before autopsy (n=5)

Examined cases (n=104)

Gelatinous change 0 and 1+
cases with pH 2.5 Alcian blue and
hyaluronidase digestion;
non-GT group (n=86)

Gelatinous change 2+, 3+ or
max GT group (n=18)

Figure 1 Trial profile. GT, gelatinous transformation.
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2. 4. Calculation of nutrition indices

The body mass index (BMI)®, prognostic nutrition-
al index (PNI) ¥, and geriatric nutritional risk index
(GNRI) ' were used as nutritional indices. The calcula-
tion formulae are as follows:

BMI = weight (kg)/ [height (m)]?
PNI = [10 X serum albumin (g/dL)] + [0.005 X
Total lymphocyte count (/mm?) ]
GNRI = [14.89 X serum albumin (g/dL)] + [41.7
X (weight kg / ideal weight kg) ]
*Formula for calculating ideal weight:
Male: height (cm)-100-[(height-150)/ 4]
Female: height (cm)-100- [ (height-150)/ 2.5]
BMI was evaluated based on previous studies on refer-
ence values for Asians V.
2.5.1 Assessment of bone marrow and liver pa-
thology

Bone marrow specimens were sampled from the L1-2
level vertebra. Ethylenediaminetetraacetic acid decalci-
fication was performed. Haematoxylin and eosin staining
and pH 2.5 Alcian blue staining with the hyaluronidase
digestion test were performed on thin sections of 10%
formalin or 10% neutral buffered formalin-fixed paraf-
fin-embedded blocks, along with the assessment of the
percentage and extent of the areas of GT.

GT cases were recorded at five levels, as described in a
previous study. The grading was as follows: Max, diffuse
marrow involvement; 3+, large foci; 2+, focal lesions of
intermediate size; 1+, single microfocal involvement; and
0, no involvement® . The degree of hypocellular marrow
with hyaluronidase-reactive pH 2.5 Alcian blue-positive
deposits was defined as 2+ or higher and divided into
the gelatinous marrow group and the no-change group.
Watanabe’s silver impregnation staining was performed
in cases where fibrosis was suspected.

For the assessment of liver pathology, two pathologists
separately observed non-neoplastic area of haematoxy-
lin-eosin-stained microscopic specimen to determine if
there were significant steatosis.

2. 5. 2 Immunohistochemical study

All immunohistochemical staining was performed on
formalin-fixed paraffin-embedded blocks tissue sections
using a Histofine simple stain AP (R) kit and simple
stain MAX-PO (M), followed by a new fuchsin substrate
solution kit and a diaminobenzide solution kit (Nichirei
Bioscience, Tokyo, Japan). The following primary anti-
bodies were used: stromal cell-derived factor 1/CXCL12
and rabbit monoclonal (immunohistochemistry-specific)
clone D8G6H, 1:300 (Cell Signaling Technology, Dan-
vers, MA, USA) ; CD10, mouse monoclonal, clone 56C6;

CD68, mouse monoclonal; and clone PG-M1 ready-to-use
(Nichirei Bioscience, Tokyo, Japan).
2. 6. Statistical analyses

The characteristics of patients with and without GT
were compared using the chi-square test for categorical
variables and the Mann-Whitney U test for continuous
variables. Logistic regression analysis was used to as-
sess the age- and sex-adjusted effect of each baseline
characteristic: age, sex, malignancy, fatty or fibrous de-
generation of the liver, and the presence of GT. Box and
whiskers plots were used to evaluate median and inter-
quartile ranges of each parameter. Statistical analyses
were performed using R software version 4.2.1 (R Core
Team, Vienna, Austria) .

IIL ReSultS. ... oo i

The baseline patient characteristics are shown in Table 1.
Of the 104 participants enrolled, 18 (17%) were classified
as having bone marrow GT. The histopathological find-
ings and case distribution are shown in Figure 2. 15/18
(83%) patients had patchy GT lesions. Atrophy of fat cells
and hypocellularity were observed within the GT area.
There were two cases of bone marrow fibrosis coexisting
with GT (Figure 3). In the complicated area, there was
an increase in reticular cells, a mild increase in collagen
fibres, and hyaluronidase digestion-reactive mucopoly-
saccharide deposition. Spindle cells in the fibrotic area
were immunoreactive for CXCL12, CD10, and CD68.

CXCL12 is a chemokine that is widely expressed in a
variety of stromal cells '¥¥, reticulocytes expressing
high levels of CXCL12 are called CXCL12-abundant re-
ticular cells (CAR cells), which provide a haematopoietic
environment for hematopoietic stromal cells and are
themselves mesenchymal stem cells 1%, CAR cells
were observed in various patterns, such as polygonal,
stellate, spindle, and small round, and in the peri-adipose
and peri-endothelial in normal (Figure 4A) and GT mar-
rows (Figure 4B, C, D).

CD68 (PGM-1) is a specific marker for monocytes and
histiocytes '”. CD68 immunoreactive small round cells,
mostly consistent with monocytes and stellate and spin-
dle cells represented a part of the reticular cells and may
have included CAR cells, and the giant cells were consis-
tent with osteoclasts (Figure 4E).

CD10 is the enzyme primarily responsible for preadipo-
cytes and adipocytes ®'. CD10 positivity was observed in
the adipocytes. CD10 was also immunoreactive to spin-
dle cells, consistent with some of the reticular cells and
preadipocytes (Figure 4F).

CXCL12-CD68 co-expression in reticular cells was
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Table 1 Baseline characteristics and comparison between the GT and non-GT groups

Item (unit) N GT group Non-GT group p-value* Age-sex
(N=18) (N=86) adjusted
n (%) or Median (IQR) p-value

Male sex 72 15 (83.3%) 57 (66.3%) 0.26 NA
Age (years) 104  76.0 [66.8-83.8] 71.5 [65.0-79.8] 0.2 NA
Malignancy 104 12 (66.7%) 46 (53.5%) 0.45 NA
Steatosis of the liver 103 9 (50.0%) 41 (48.2%) 1.00 NA
Fibrosis of the liver 103 7 (38.9%) 38 (44.7%) 0.85 NA
WBC count (X 10%L) 104  9.26 [5.47-12.30] 11.92 [7.54-18.84] 0.15 0.10
Total neutrophil count (X 10%L) 89 7.6 [4.10-9.60] 7.89 [3.63-14.68] 0.68 0.35
Total lymphocyte count (X 10%L) 90  0.33 [0.23-0.74] 0.60 [0.34-0.89] 0.15 0.23
RBC count (X 10'%/L) 104  3.08 [2.68-3.42] 3.12 [2.60-3.60] 0.85 0.91
Hemoglobin level (g/L) 104 92 [83.8-106.5] 95 [77.0-114.0] 0.99 0.68
Platelet count (X 10%L) 104  154.0 [82-168.5] 117.5 [32-211.5] 0.31 0.84
Aspartate aminotransferase level (IU/L) 100  31.0 [21.8-64.3] 53.5 [25.0-133.5] 0.19 0.49
Alanine transaminase level (IU/L) 99  24.5[10.5-51.3] 34.0 [15.5-65.5] 0.20 0.54
Alkaline phosphatase level (IU/L) 93 423 [217.3-1121.8] 379 [253.5-690.5] 0.59 0.039
Gamma-glutamyl transpeptidase level (IU/L) 94 94 [17.5-294.3] 68 [35.3-147.3] 0.84 0.36
Cholinesterase level (IU/L) 11 106 [86-126] 114 [100-179] 0.73 0.45
Total bilirubin level (mg/dL) 97 0.7 [0.6-2.6] 1.1 [0.6-2.7] 0.53 0.35
Total bilirubin level (umol/L) 12.0 [10.3-44.5] 18.8 [10.3-46.1]
TC level (mg/dL) 13 184 [119-249] 142 [118-156] 1.00 0.49
TC level (mmol/L) 4.76 [3.08-6.44] 3.67 [3.05-4.03]
TG level (mg/dL) 10 48 [48-48] 92 [84-114] 0.20 1.00
TG level (mmol/L) 0.54 [0.54-0.54] 1.04 [0.95-1.29]
Albumin level (g/L) 89 19 [18-24] 23 [19-28] 0.058  0.066
Total protein level (g/L) 67 48 [44-55] 55 [48-61] 0.095 0.19
Globulin level (g/L)® 67 28 [26-33] 29 [25-36] 0.89 0.93
Creatinine level (mg/dL) 98  0.75 [0.61-1.17] 1.42 [0.71-2.51] 0.047 0.085
Creatinine level (umol/L) 66.3 [53.9-103] 126 [62.8-222]
Creatinine level 3 weeks before death (mg/dL) 50 0.60 [0.49-0.74] 0.86 [0.64-1.24] 0.009 0.042
Creatinine level 3 weeks before death pmol/L) 53.0 [43.3-65.4] 76.0 [56.6-109]
Uric acid level (mg/dL) 39 55 [4.0-8.3] 6.4 [4.5-8.56] 0.84 0.74
Uric acid level (umol/L) 327 [238-494] 381 [268-509]
CRP level (mg/dL) 99 7.3 [2.9-15.1] 6.1 [2.7-13.2] 0.94 0.52
CRP level (ug/L) 73000 [29000-151000] 61000 [27000-132000]
Urine protein qualitative 33 0.44 0.51

— 0 (0%) 1 (3.3%)

+ 1 (33.3%) 6 (20%)

1+ 2 (66.7%) 15 (50%)

2+ 0 (0%) 5 (16.7%)

3+ 0 (0%) 3 (10%)
Urine occult blood qualitative 33 0.42 0.56

— 1 (33.3%) 8 (26.7%)

=+ 0 (0.0%) 3 (10.0%)

1+ 2 (66.7%) 6 (20.0%)

2+ 0 (0.0%) 11 (36.7%)

3+ 0 (0.0%) 2 (6.7%)
BMI (kg/m?) 90 18.6 [17.3-19.9] 21.9 [19.7-24.3] <0.001  0.004
PNI (kg/m?) 75 23.0 [19.6-27.4] 26.3 [22.0-33.4] 0.035 0.066
GNRI (kg/m?) 76 66.8 [61.9-70.6] 75.9 [71.2-89.5] 0.002 0.007

GT, gelatinous transformation; IQR, interquartile range; WBC, white blood cell; RBC, red blood cell; TC, total cholesterol; TG, tri-
glyceride; CRP, C-reactive protein; BMI, body mass index; PNI, prognostic nutritional index, GNRI, geriatric nutritional risk index.
* aMann-Whitney U tests were used for continuous variables; Chi-square tests were used for categorical variables. T bGlobulin: (Total

protein) - (Albumin) .
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observed in the hematopoietic area, although the co-ex-
pressed stellate cells decreased in the GT area. Reticu-
lar cells with CXCL12-abundant long projections were
consistent with CAR cells (Figure 5). These findings
suggested that CAR cells, as mesenchymal stem cells,
differentiate into fibroblasts, monocytes, macrophages,
and adipocytes in the altered bone marrow, leading to hy-
pocellularity.

A comparison between the GT and non-GT groups is

presented in Table 1. GT was not significantly correlated
to age or sex, nor presence or absence of malignancy.
Both the GT and non-GT groups were anaemic; RBC
(3.08 vs 3.12 10%/L [male 4.35-5.55, female 3.86-4.92]),
Haemoglobin (92 vs 95 g/l [male 137-168, female 116-
148]), and had increased white blood cell counts and pos-
itive CRP levels (7.3 vs 6.1 mg/dL, 73000 vs 61000 ug/L),
but there were no significant differences.

Fatty degeneration of the liver was observed in nearly

GT grade pH 2.5 Al-b staining
0(n=76)
1+(n=9) |RGESTS
B -
2+(n=10)
3+(n=5)
Max (n=3)

Figure 2 Histological grading of gelatinous transformation (scale bar=200 um).
GT areas are patchily distributed in most cases. HE, haematoxylin-eosin staining; Al-b, pH 2.5 Alcian blue staining; GT,

gelatinous transformation.
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Figure 3 Microscopic findings of GT with fibrosis cases (A: scale bar=100 um, B—F: scale bar=50 um).

A. Haematoxylin-eosin staining. Bone and fibrous materials are increased. B. Silver impregnation staining. Brown-black
reticular fibres (arrows) and brown-red collagen fibres (arrowheads) are increased. C. pH 2.5 Alcian blue staining. Blue
colour is observed in both the GT and fibrotic area. These are both-hyaluronidase reactive. B, C. Serial sections. Bone
tissue is displaced by sectioning artifacts. D. CD10-immunohistochemistry (IHC). A few spindle cells and fat cells show
positivity. E. CD68-IHC. Monocytes, macrophages, periosteal giant cells, and some spindle cells are immunoreactive for
CD68. F. CXCL12-IHC. The fibre-like projection of some spindle cells in fibrosis is positive. CXCL12, C-X-C motif chemo-
kine ligand 12; GT, gelatinous transformation.
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Figure 4 Immunohistochemical findings of GT marrow (scale bar=50 pm).

A: CXCL12-immunohistochemistry (IHC) in normal control. CXCL12 immunoreactive small round cells (arrowheads)
and stellate cells are seen. Long projections of stellate cells among hematopoietic cells are strongly positive (arrows).
These may be CAR cells. B—D: CXCL12- [HC in the GT marrow. B, C: CXCL12 positivity is observed in spindle cells
(small black arrows), peri-adipose cells (white arrows), and peri-endothelial (black arrows). D: CXCL12 positivity is
observed in small round cells (arrowhead), spindle cells (small black arrow), and peri-endothelial area (black arrows),
but not for giant cells (double arrowheads). E: CD68-IHC in the GT marrow. Small round cells (arrowheads), spindle
cells (small black arrow), and giant cells (double arrowheads) were immunoreactive. The peri-endothelial area (black
arrows) and adipose cells (white arrows) were not reactive for CD68. F: CD10-IHC in the GT marrow. Fat cells (white
arrows) and spindle cells (small black arrow) are immunoreactive but are not reactive for the peri-endothelial area (black
arrows), giant cells (double arrowhead). D—F are complete serial sections. Bone tissue around the bone marrow tissue
is off-screen due to sectioning artifacts. CXCL12, C-X-C motif chemokine ligand 12; CAR cells, C-X-C motif chemokine
ligand 12-abundant reticular cells; GT, gelatinous transformation.
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half of the patients in both groups, seemed to suggest
steatohepatitis due to nutritional disorders, but there
was no significant difference between the two groups. In
both groups, Gamma-glutamyl transpeptidase level was
above the reference range [malel3-64, female 9-32], but
median total bilirubin remained in the reference standard
range [0.4-1.5mg/dL, 6.8-26.3umol/L]. Median ALT,
suggestive of hepatocellular damage, was slightly higher
than the reference range [24.5 vs 34.0 IU/L malel0-42,

female 7-23 TU/L], reflecting organ damage immediately
before death, but was lower in the GT group than in the
non-GT group, with no significant difference between the
two groups [24.5 vs 34.0 IU/L].

Median serum creatinine (sCr) in the non-GT group
was high (1.42 mg/dL [male 0.66-1.06, female 0.46-
0.79]; 66.3 vs. 126 umol/L [male 72.7-109.1, female 54.5-
81.81). reflects various renal dysfunctions immediately
prior to death, while median sCr in the GT group was in

Figure 5 Double-immunostaining results for CXCL12 and CD68 in GT (scale bar=100 um).
A: Haematoxylin-eosin staining of GT marrow. The left half is the normocellular area, and right half is the patchy GT
area. B. CXCL12 (red) CD68 (blue black) double immunostaining in the GT marrow. Stellate reticular cells that express
CXCL12 in long projections and CD68 in cytoplasm (white arrows) are seen in the normocellular area. Reticular cells
have shortened CXCL12-positive projections (arrowheads), and CXCL12-positive small round cells (black arrow) are
observed in the GT area. CXCL12, C-X-C motif chemokine ligand 12; GT, gelatinous transformation.
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the reference range (0.75 mg/dL, 66.3 pmol/L). The GT
group also had significantly lower sCr levels than the
non-GT group (p=0.047). The sCr level 3 weeks before
death are significantly lower in GT group, after adjusting
the age- and sex (p=0.042).

Both groups had low median albumin level (19 vs. 23 g/
L [41-51]) and The GT group tended to have lower al-
bumin than the non-GT group (p=0.066). Similarly, both
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groups had lower BMI (18.6 vs. 21.9 kg/m?* [22.6-27.5]),
and GNRI (66.8 vs.75.9 kg/m?), but the GT group had sig-
nificantly lower BMI and GNRI than the non-GT group
(p<0.001 and p=0.002, respectively) . The exact data are
shown in Figure 6.

IV, DiSCUSSION. . oottt

We investigated GT marrow at autopsy and found that
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Figure 6 Comparison of each parameter between GT and non-GT groups.
GT, gelatinous transformation; BMI, body mass index; GNRI, geriatric nutritional risk index; Cr, creatinine; ALB, albumin.
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the GT area had different reticular cell conditions. And
our analysis of clinico-laboratory data of GT and non-
GT patients. As previously hypothesized, we confirmed
a strong association with malnutrition; however, unlike
previous hypotheses V%, there was weak association
with anaemia. Furthermore, we reported interesting phe-
nomenon that the sCr of the GT patients remained in the
reference range, even just before death.

We speculated that the significantly lower sCr levels
had been observed in the GT group from 3 weeks prior
form death were related to the presence of muscle loss.
Recently low sCr “on admission” has been theorized to
be related to sarcopenia when other causes can be ruled
out 29, Qur series do not have patients with fluid ex-
cess condition, myoneuropathy, paralysis or limb amputa-
tion. Liver dysfunction was negative in the data analysis,
suggesting muscle reduction as a possible cause.

Nutrition indicators, both groups had low median BMI,
but the GT group had a median value below 2.0 kg/m?,
which is a poor prognosis for life 22, Protein-energy
malnutrition (PEM) is the condition of lack of energy
due to the deficiency of all the macronutrients and many
micronutrients ?”. in recent years, PEM is known as
the main cause of sarcopenia; defined as a progressive
and generalized skeletal muscle disorder involving
the accelerated loss of muscle and its function 2%, In
children, marasmic kwashiorkor phenotypes are also
present 20393V "hut in adults, which are more common
in nutritional disorders in developed countries, there are
two major types of PEM: marasmus/cachexia, and kwash-
iorkor/protein-calorie malnutrition (PCM)?”. Marasmus/
cachexia is balanced malnutrition caused by long-standing
starvation or chronic systemic inflammation. The progno-
sis for marasmus/cachexia is relatively good, although it
involves substantial loss of body mass, with body weight
less than 80% of the standard for height ?*-2”, Thus, low
BMI in our GT group represents marasmus/cachexia. In
contrast, kwashiorkor/PCM is caused by loss of relative
protein intake. In 1933, Williams reported kwashiorkor in
children in the Gold Coast of West Africa. Kwashiorkor
fatality was as high as 90% and fatty change of the liver
was observed in autopsy ?” 3?3V, In developed countries,
kwashiorkor/PCM may occur within weeks of subse-
quent acute life-threatening illnesses, such as trauma and
sepsis. The patients look well-nourished because of sys-
temic oedema; however, their blood shows hypoalbumin-
emia and lymphocytopenia. Under stressed conditions,
patients with kwashiorkor/PCM show hypermetabolism
with high cytokine levels, such as tumour necrosis factor
alpha, interleukin-1, and interleukin-6 and high stress

hormone levels, such as catecholamine, glucagon, and
cortisol, which leads to proteolysis and absolute fat
catabolism, poor wound healing, and impaired host defi-
ciency 2. Considering the significantly lower albumin and
higher CRP levels in the GT group, it is likely that the
GT have a severe condition of anabolic failure as seen in
kwashiorkor/PCM.

In the GT group, except in a small number of maximal
cases, the bone marrow hypocellularity associated with
GT was patchily distributed and haematopoietic area re-
mained. We consider this histological feature reflects the
low association between GT and anaemia. In the GT area,
various morphologies of CXCL-12 positive mesenchymal
cells co-expressed multiple mesenchymal molecules,
such as CD10 or CD68 and CXCL12-abundant projections
were less observed. We estimate this histological finding
implies CAR cells differentiation and haemopoietic cell
depletion *?. Like GT, Mucopolysaccharide accumulation
in deep connective tissue is often observed in myxo-
edema, a thyroid hormone dysregulation®’3¥. However,
the mechanisms and histology of the dysthyroid status
have not been adequately reported. The trends in clinical
data that were significant in the GT group patients in
this study appear to have much in common with thyroid
hormone abnormalities, particularly the low T3 syn-
drome (also known as non-thyroidal disease syndrome).*®
It would be beneficial to consider the common features of
GT with the low T3 syndrome.

A limitation of this study is that the required sample size
was not met. The study design, a retrospective obser-
vational study, resulted in many missing items like hor-
mone test values. Also, we could not obtain good staining
results due to damage from specimen decalcification. we
should have performed immunostaining for many bone
marrow mesenchymal markers such as leptin, CD163,
and adipophilin, but we could not obtain good staining re-
sults due to damage from specimen decalcification.

In conclusion, 17% of autopsy adult cases had overt
GT; 83% had patchy progression. Mesenchymal cells in
the GT region co-expressed multiple molecules. Bone
marrow GT was associated with low BMI, GNRI, and low
sCr level. These results suggest that bone marrow GT
is associated with PEM with muscle loss, but not with

anaemia.
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