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Introduction

In hospital settings, antinuclear antibodies (ANA) test is typi-
cally performed through indirect immunofluorescence tech-
nique (IIFT) on human epithelial type 2 (HEp-2) cells, using
sera from the patients. To overcome interphysician heteroge-
neity in thenaming and classificationof ANA staining patterns
and to reach an international consensus, the 2015 Internation-
al Consensus on ANA Patterns workshop classified ANA pat-
terns into three major groups: nuclear, cytoplasmic, and
mitotic patterns. Nuclear patterns include the distinctfluores-
cence of the nucleoplasm, that is, speckled or homogeneous
and patterns attributed to specific nuclear subcomponents,
that is, centromere, nuclear dots, nucleolar, or nuclear enve-
lope. Cytoplasmicpatterns represent stainingof the cytoplasm
and are subdivided intofive different patterns, that is,fibrillar,
speckled, reticular/mitochondrial, polar/Golgi-like, and rods

and rings. These ANA patterns may provide clinically relevant
insights into autoimmune diseases and further recommend
diagnostic measures. Further confirmation of these patterns
may be done by more specific tests based on IIFT, enzyme-
linked immunosorbent assay, or line immunoassay (LIA). We
try to analyze through this case study the role of IIFT using
HEp-2 cell line and livermosaic (six substrate combination) in
detection of an extremely rare pattern with anti-F actin
positivity without features suggestive of anti-smooth muscle
antibody (ASMA) positivity by IIFT in a suspected case of drug
(herbal)-induced liver injury (DILI).

Case Study

A 77-year-old man was admitted to the gastroenterology in-
patient department of a tertiary care center with complaints
of altered sensorium along with yellowish discoloration of
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Abstract Immunofluorescence on human epithelial type 2 cells is the standard screening assay for
the detection of antinuclear antibodies (ANA). Cytoplasmic speckled patterns are a
common finding. However, the less commonly reported ones include the cytoplasmic
fibrillar patterns on indirect immunofluorescence technique (IIFT). The cytoplasmic fibrillar
patterns include the cytoplasmic linear (AC-15), cytoplasmic filamentous (AC-16), and
cytoplasmic segmental (AC-17). We report a case of cytoplasmic linear (F-actin) detected
through IIFT during ANA screening in a 77-year-old man and later reconfirmed on liver
mosaic biochip through IIFT on vascular smooth muscle substrate (VSM-47) without
features suggestive of anti-smooth muscle antibody involvement post-complementary
and alternative medicine therapy initiation.
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eyes since 5 days. There was no history of fever, abdominal
distention, pedal edema, or gastrointestinal bleeding. Upon
examination, the patient had icterus, eczematous dermatitis,
and grade IV hepatic encephalopathy. There were no focal
neurological deficits or stigmata of chronic liver disease
(CLD). There was no history of alcohol use or risk factors
for metabolic liver disease. However, there was a significant
history of taking giloy (Tinospora cordifolia [TCP]), a herbal
supplement, for at least 2months, presumably as an immune
booster. In laboratory analysis (►Table 1), his liver function
tests (LFTs) were as follows: serum bilirubin 333.11 µmol/L,
alanine transaminase (ALT) 560 IU/L, aspartate transaminase
645 IU/L, serum alkaline phosphatase (ALP) 126 IU/L, and
serum albumin 2.76 g/dL. His hemogram showed white
blood cell count at 13.820�103/µL, hemoglobin at 13.4 g/dL,
and platelet count at 108�103/µL. Patient was also found to
be oliguric with deranged kidney function tests (serum
creatinine: 159.16 µmol/L). His serological markers for viral
hepatitis virus (A to E) were negative. Abdominal ultraso-
nography showed no evidence of cirrhosis or portal hyper-
tension. Based on above findings, a diagnosis of acute liver
failure (ALF) with multiorgan dysfunctions was made. His
indirect immunofluorescence for autoantibodies to liver
antigens on Liver Mosaic-8 (Euroimmun, Germany) revealed
strong positivity for anti-F actin antibodies at a dilution of
1:100 (►Fig. 1). The Roussel Uclaf Causality Assessment
Model score indicated that this patient had a high likelihood
of having herb (giloy)-induced liver damage (score 6–8).
Patient was given standard supportive care in accordance
with the ALF treatment guidelines, but his condition rapidly

deteriorated, and eventually he passed away from progres-
sive multiorgan dysfunction and shock.

Discussion

Autoantibodies related to liver disease are mainly classified
into two entities: (1) nonorgan-specific autoantibodies in-
cluding ANA, ASMA, antimitochondrial antibodies (AMA),
and antibodies to liver kidney microsome type-1 (LKM-1),
and (2) liver-specific autoantibodies such as antibodies to
soluble liver antigen and antibodies to asialoglycoprotein
receptor. The presence of these autoantibodies is essential in
the process of diagnosing autoimmune liver diseases, includ-
ing autoimmune hepatitis (AIH), primary biliary cirrhosis, or
primary sclerosing cholangitis. However, some of these
autoantibodies are occasionally detected even in the sera
of patients with liver disease other than autoimmune liver
diseases.1

The reference method to test liver-associated autoanti-
bodies is IIF on triple rodent tissue, that is, liver, kidney, and
stomach along with vascular smooth muscle-47 (VSM-47)
cells on which the current knowledge of the clinical signifi-
cance of autoimmune liver serology is based.2 The biochip
Liver Mosaic manufactured by Euroimmun (Germany) con-
sists of six substrates: HEp-2 cells, primate liver, rat kidney,
rat liver, rat stomach, and VSM-47. This technique allows the
simultaneous detection of the main liver-related autoanti-
bodies, including ANA, SMA, anti-LKM-1, and the AMA.
A second major advantage of IIFT is its ability to detect
autoantibodies whose target antigens are still unknown.
However, the demerits of IIFT are that it requires trained
laboratory personnel, is observer-dependent, and poorly
standardized. Historically, ANA is the first autoantibody
that has been associated to AIH, therefore suggesting an
autoimmune origin of the disease, earlier named “chronic
hypergammaglobulinemic hepatitis.”3 ANA should be tested
by IIF, since nuclear target antigens in AIH are unknown in at
least one-third of the patients, leading to false negative
results with probably severe clinical consequences if only
molecular-based tests are used. ANA, coupled with ASMA,
defines AIH type-1 (AIH-1), being positive in about two-
thirds of the patients and associatedwith ASMA in half of the
cases.4

ANA were the first autoantibodies to be associated with
AIH. However, they lack disease specificity as they are
present in healthy persons or associated with diseases
such as other systemic autoimmune diseases or liver-specific
diseases like fatty liver, DILI, or viral hepatitis. The pattern of
ANA associated with AIH noted on HEp-2 cells is usually
homogenous or speckled. However, no definite pattern on
ANA screening has found to be specifically associated with
AIH. Similar to ANA, ASMA has been associated with AIH
since long time. ASMA targets the smooth muscles of the
arterial vessels (V), the glomerular mesangium (G), and the
fibers surrounding the kidney tubules (T), which results in
the characteristic VGT pattern on rat kidney that is observed
with AIH-1. The VGT pattern of ASMA also targets F-actin
(microfilaments or filamentous actin) and the intermediate

Fig. 1 Indirect immunofluorescence technique (IIFT) on Liver Mosaic-
8 by Euroimmun, Germany, showing F-actin antibody positivity on
vascular smooth muscle-47 (VSM 47), human epithelial type 2
(HEp-2), and primate liver. Anti-smooth muscle antibody (ASMA) is
negative on rat stomach, rat kidney, and rat liver.
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Table 1 Details of relevant laboratory investigations

Parameters Result Unit Reference range

BUN 9.014 mmol/L 2.1–8.5

Serum creatinine 159.16 µmol/L 40–66

Serum uric acid 409.82 µmol/L 89.22–475.84

Serum calcium 2.05 mmol/L 2.15–2.27

Serum phosphorus 1.26 mmol/L 0.81–1.45

Sodium 136.41 meq/L 135–145

Potassium 3.81 meq/L 3.5–5

Chloride 102 meq/L 98–107

Total bilirubin 333.11 µmol/L 0–34

Indirect bilirubin 197.85 µmol/L 0.0–30.6

Direct bilirubin 135.26 µmol/L 0.0–3.4

ALT 560 U/L 13–40 (males)

AST 645 U/L < 37 (males)

ALP 126 U/L 30–90

Total protein 5.83 g/dL 6.4–8.3

Albumin 2.76 g/dL 3.4–4.8

Globulin 3.07 g/dL 2.0–3.5

A:G ratio 0.9 1.5–2.5

Hemoglobin 13.4 g/dL 12–15

WBC 13.82 103/µL 4–10

Platelet 108 103/µL 150–450

RBC 4.44 million/µL 3.8–4.8

PT 44.3 seconds < 14

INR 3.58

Differential leucocyte count N 84 L9M4 E1

HBs antigen Negative

Anti-HCV antibody Negative

ANA profile (LIA for 17 antigens) Negative

Liver profile (LIA for 5 antigens) Negative

Urine culture and sensitivity Sterile

Urine sugar Trace

Urine bile pigments 3þ
Urine bile salts Negative

Urine nitrite Present

Urine urobilinogen þ
Urine microscopy WBC 2–3 hpf

Urine microscopy RBC 40–50 hpf

Urine microscopy epithelial cells 0–1 hpf

Urine protein/albumin 2þ
Urine ketone bodies 15 mg/dL

Serum IgG 18.90 g/L 7–16

HIV Negative

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; ANA, antinuclear antibodies; AST, aspartate aminotransferase; BUN, blood urea
nitrogen; HBs, hepatitis B surface; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IgG, immunoglobulin G; INR, international
normalized ratio; LIA, line immunoassay; PT, prothrombin time; RBC, red blood cell; WBC, white blood cell.
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filaments (vimentin and desmin). However, 20% of ASMA
positive patients with AIH-1 do not show the VGT/F-actin
pattern indicating that the absence of this pattern alone is
not sufficient to exclude the diagnosis of AIH-1. IIFT using
HEp-2 cell line gives the cell a characteristic “cable” pattern
in presence of anti-F-actin antibodies. Antibodies to tubulin
and intermediate filaments are commonly encountered in
viral infections, including viral hepatitis and other autoim-
mune and nonautoimmune diseases.5 Due to the lack of
specificity, this has led some to suggest abandoning nonspe-
cific ASMA testing in favor of more specific anti-F actin
assays.6 In case of ASMA positivity, the stomach shows
distinct cytoplasmic fluorescence of the lamina muscularis
and tunica muscularis and interglandular contractile fibers
of the tunica mucosa. ASMA directed against the target
antigen F-actin react furthermore with the cytoskeletal of
HEp-2 cells and bile canaliculi of primate liver. Rat liver may
showenhanced homogenousfluorescence ofmusclefibers in
walls of the blood vessel. The substrate, VSM-47, derived
from rat embryonic thoracic aorta reacts very specifically to
anti-actin antibodies showing filamentous, needle-like fluo-
rescence. Isolated fibroblasts may also take up fluorescence
staining and give cable-like appearance depicting presence
of anti-F actin antibodies in the serum sample.

In this case, the predominant laboratoryfindings included
a deranged LFT, positive ANA screening on HEp-2 cells, and
positive anti-actin antibodies on liver mosaic by IIFT. How-
ever, the most peculiar finding noted was positive antibody
against actin (actin-F) on HEp-2 cells, primate liver, and
VSM-47 but no significant fluorescence was elicited for
ASMA on rat stomach, kidney, and liver. The presence of
anti-actin antibodies onHEp-2 cell line and primate liver and
VSM-47 suggested a diagnosis compatible with AIH-1
(►Fig. 1). Fifty percent of individuals with AIH-1 who are
ASMA-positive have specific anti-F-actin antibodies. The use
of anti-F-actin antibody is more predictive of AIH, with a
specificity and sensitivity of approximately 80 and 90%,
respectively; in 26% of individuals, it may be the sole marker
of disease with literature also reporting anti-actin positivity
rarely noted in SMA-negative AIH sera.6 Czaja and Hom-
burger elucidated that AIH-1 patients seropositive for anti-F-
actin developed liver failure and required liver transplanta-
tion more frequently than those seronegative for anti-F-
actin.7 Anti-actin antibody positivity has shown to be asso-
ciated with relapse after withdrawal of steroid therapy.1

More notable in this case was the recent history of giloy
intake during the coronavirus disease 2019 pandemic in 2021
followed by the onset of symptoms suggestive of liver pathol-
ogy within 2 months. Complementary and Chinese medicine
(CAM) therapy originated in India and has gained popularity
globally presently. CAM accounts for a significant portion of
DILI in India and China. TCP (giloy) has been used for augment-
ing immunity and ameliorating diseases as per the ancient
Indian Ayurveda system. It is believed to have hypoglycemic,
diuretic, anti-inflammatory, antioxidant, analgesic, antimalar-
ial, hepatoprotective, immunomodulatory, and anti-cancer
attributes.8 A similar study has been reported earlier by
Karousatos et al.9 The evidence from several studies in past

suggest that TCPhas thepotential to inducehepatotoxicityand
even fatal consequence in patients with or without CLDs.
Recently, Nagral et al have published a case series of six
patients representing DILI after consumption of TCP in the
form of boiled extracts, tablets, and syrup.10Animalmodels of
TCP consumption have shown significantly higher levels of
cholesterol, lower levels of blood glucose, and reduced body
weight. However, a high dosage or long-term use of TCP may
result in elevated liver enzymes like ALP, ALT, and γ-glutamyl
transferase along with bilirubin, both in human and rat model
studies.11 In a studybyKulkarni et al, the authors reported that
most patients took self-medicated pure giloy-based formula-
tions in the form of decoctions purchased locally, and the
median duration of giloy consumption was 42 days. The
median time from first giloy ingestion to development of
symptoms was 46 days with a mean intake of 40.8mL per
day. The most common clinical presentation was acute wors-
ening of CLD followed by acute hepatitis, and the most
common autoantibody was ANA. Approximately 10% of the
patients in this study died within 2 months of presentation,
and nearly 5% required liver transplantationwithin 3 months.
Liver histology was suggestive of HILI with autoimmune
features but not classical AIH with atypical features on biopsy
such ashepatocyte andcanalicular cholestasis andneutrophil-
ic and eosinophilic infiltration. Autoantibodies were found in
29.6%ofpatients,withANA in25.9%, LKM-1antibodies in7.4%,
and AMA in 3.7%. The authors suggested that giloy use in
predisposedpatients could inducehepatitiswith autoimmune
features or unmask an underlying autoimmune CLD due to its
immune-stimulant mechanisms, which may also result in
significant liver toxicity and lead to severe acute hepatitis
and to acute on chronic liver failure or ALF.12

Conclusion

IIFT may be capable of detecting autoantibodies in serum in
suspected autoimmune liver diseases which may be missed
out by solid phase immunoassays like LIA which are coated
with selective antigens. VSM substrate (VSM-47) serves as a
potential substrate to identify anti-F-actin antibodies which
maygo undetected byHEp-2 cells and primate liver substrate
on ANA screening. Pattern of drug-induced liver disease may
show variation from the common autoimmune liver diseases
on IIFT. It is suggested that CAM therapy may unmask an
autoimmune disease in predisposed candidates due to its
immunomodulatory properties and hencemay be judicious-
ly used.
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