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ABSTRACT

Introduction: The role of immune mediated injury in pathogenesis
of Ankylosing Spondylitis (AS) is well established. HLA B27, a
Major Histocompatibility Complex (MHC) class | molecule is one
of the major genetic risk factors associated with the disease.
Various techniques are used for testing HLA-B27 which includes
Polymerase Chain Reaction (PCR) based tests, Enzyme Linked
Immunosorbent Assay (ELISA) and flowcytometry. Flowcytometry
has gained popularity due to ease of procedure, shortened
turnaround time and cost-effectiveness.

Aim: To assess the sensitivity and specificity of flowcytometry
for HLA-B27 detection, taking PCR assay as the gold standard
along with its association with demographic, clinicopathological
and radiological parameters.

Materials and Methods: This was a prospective study conducted
in Department at Pathology of Shri Guru Ram Rai Institute of
Medical and Health Sciences, Dehradun, India, for a period of
18 months from January 2020 to June 2021. The study included
51 patients for which HLA-B27 typing was done cases by
flowcytometry and Sequence Specific Allele (SSA) PCR/Real time
PCR on peripheral blood samples. The association of HLA-B27 with
clinical features {Inflammatory Back Pain (IBP), arthritis, psoriasis,
uveitis, dactylitis, Inflammatory Bowel Disease (IBD), cervicitis,
urethritis, diarrhoea) along with MRI findings (sacroilitis)}, laboratory
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findings {C-reactive protein and Erythrocyte Sedimentation Rate
(ESR)} was evaluated. The performance analysis parameters of
flowcytometry were evaluated both by excluding and including
the cases in grey zone taking PCR as gold standard. Statistical
testing was conducted with SPSS 20.0. Chi-square test or Fisher’s-
exact test were used and a p-value of less than 0.05 was taken
as significant.

Results: A significant association of HLA-B27 was seen only
with IBP (p-value=0.001) and sacroilitis (p-value=0.03). Of the
22 (43.1%) patients positive for HLA-B27 by PCR, 18 (81.8%)
patients were positive while the remaining 4 (18.1%) were in
grey zone by flowcytometry. Of the 29 (56.9%) patients testing
negative by PCR, 27 (93.1%) patients were negative, 1 (3.4%)
was in grey zone and 1 (3.4%- false positive) tested positive
for HLA-B27 by flowcytometry. Sensitivity and specificity of
flowcytometry for detection of HLA-B27 was found to be 100%
and 96.4%, respectively when grey zone cases were excluded.

Conclusion: The study brings to light that flowcytometry is a
fairly specific and sensitive method for HLA-B27 detection with
a high Negative Predictive Value (NPV) (100%) and Positive
Predictive Value (PPV) (94.7%). In the Coronavirus Disease-2019
(COVID-19) era, it reiterates the importance of flowcytometry for
HLA-B27 especially when PCR is overburdened.

Keywords: Diagnostic technique, Grey zone, Immune mediated, Polymerase chain reaction

INTRODUCTION

The aetiopathogenesis of AS is poorly understood but role of
immune mediated injury is well established [1,2]. Genetic risk factors
contribute about 80-90% to susceptibility to AS. One of the major
genetic risk factor is Human Leukocyte Antigen (HLA) B27, a MHC
class | molecule. HLA-B27 is found in less than 8% of the general
population while 90% of patients with AS express this antigen [3].
There are 105 subtypes of B27 coded by 132 alleles. Not all alleles are
associated with AS, the association strength varying with ethnicity [2].

The HLA-B27 status can neither exclude nor confirm the diagnosis
of AS on its own. However, in a clinically suspicious patient with
radiological sacroilitis, HLA-B27 positivity is highly suggestive of AS
and hence is an important diagnostic criteria as per Assessment of
Spondylo Arthritis International Society (ASAS) [3].

Various techniques are used for testing HLA-B27 which include
PCR based tests, Microlymphocytotoxicity Test (MLCT), ELISA,
flowcytometry and Next-Generation Sequencing (NGS). Flowcytometry
has gained popularity due to ease of procedure, shortened turnaround
time and cost-effectiveness as compared to established PCR based
tests [4].

The objectives of the present study were to assess the sensitivity
and specificity of flowcytometry for HLA-B27 detection, taking PCR
assay as the gold standard along with association of HLA-B27
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expression with demographic, clinicopathological and radiological
parameters.

MATERIALS AND METHODS

It was a prospective study conducted in the Department of Pathology
and Central Molecular Research Laboratory at Shri Guru Ram Rai
Institute of Medical and Health Sciences, Dehradun, Uttarakhand,
India for a period of 18 months from January 2020 to June 2021.
It was approved by the Institutional Ethics Committee vide IEC no.
SGRR/IEC/22/19.

Inclusion criteria: All patients referred from Surgery, Neurosurgery
and Orthopaedics OPD who were clinically suspected of having
Spondyloarthropathy (SpA) in the above period, were included in
the study.

Exclusion criteria: Patients positive for rheumatoid factor were
excluded from the study.

Study Procedure

A detailed clinical history of the patient was obtained and relevant
information was entered on the predesigned proforma (Inflammatory
Back Pain (IBP), arthritis, psoriasis, uveitis, dactylitis, IBD, cervicitis,
urethritis, diarrhoea, sacroilitis, MRI findings along with ESR and
CRP values). After obtaining an informed consent blood was
collected by venepuncture observing asepsis.
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The samples were subjected to PCR followed by flowcytometry
in order to evaluate the sensitivity and specificity of flowcytometry.
Additionally, the association of HLA-B27 expression with the above
demographic, clinicopathological and radiological parameters was
also assessed.

Sample collection: A 2.5 mL of EDTA whole blood was used
for PCR and flowcytometry for detection of HLA-B27. PCR and
flowcytometry were done within 24 and 48 hours of collection
of sample respectively. All the samples were <48-hour-old in the
present study.

All patients, who were clinically suspected of having SpA in the
above period (18 months), were included in the study. Thus, a total
of 51 cases were included in the study comprising approximately
equal numbers of both HLA-B27 positive and negative cases
(depending on PCR results).

HLA-B27 by PCR: SSA PCR and Real time (RT) PCR were the
molecular methods used for detection of HLA-B27. A total of
28 patients were tested by sequence specific PCR (SSA) and
23 patients were tested by RT-PCR.

DNA extraction and amplification: PCR was carried out using
the standard methods and was same for both the methods.
Manual extraction of DNA was done followed by amplification
using PCR master mix comprising reaction buffer, deoxynucleotide
triphosphates, MgCl,, primers, Tag DNA polymerase and nuclease
free water. The amplified products were separated by agarose gel
electrophoresis and visualised by staining with ethidium bromide.

Interpretation of SSA PCR: Appearance of 145 base pair (bp)
specific band indicated the presence of HLA-B27 gene.

Human growth hormone, seen at 430 bp was the internal control [5,6].

Interpretation of Real time PCR: Cycle threshold (CT) value of 35
was taken as the cut-off. Samples with a CT value of 35 or more
were considered as negative for HLA-B27. Samples with CT values
of less than 35 were reported as positive for HLA-B27 [5,6].

HLA-B27 by flowcytometry: The blood samples were stained with
Fluorescein Isothiocyanate (FITC) labelled Anti HLA-B27 clone GS
145.2 (IgG1 Kappa) and phycoerythrin (PE) labelled CD3 clone SK
7(IgG1 Kappa). Processing was done by stain-lyse-wash protocol [7].

The sample was acquired in BD FACS Canto Il 8 colour
flowcytometer and analysed using FACS Canto Il software. Atleast
10,000 lymphocytes were selected for analysis through forward
scatter/side scatter gating technique.

Sample analysis: T lymphocytes were gated in dot plots of CD3
PE versus side scatter. The T-lymphocyte population was displayed
in a FITG/FL1 histogram, where Log Median Fluorescence (LMF)
was calculated. Samples with LMF greater than equal to 157 (that
is 10 units greater than the decision marker 147 mentioned on the
reagent vial for HLA-B27 FITC/CD3 PE) were taken to be HLA-B27
positive, while samples with LMF less than the marker i.e., 147 were
considered HLA-B27 negative. The grey zone was defined as 147-
157 and was the ‘Manufacturer Defined Equivocal Range” (MDER) [7].

STATISTICAL ANALYSIS

Statistical testing was conducted with SPSS 20.0. Continuous
variables were presented as mean+SD while categorical variables
were expressed as frequencies and percentages. Categorical data
between the groups was compared using Chi-square test or Fisher’s-
exact test, as appropriate. The comparison of normally distributed
continuous variables between the groups was performed using
student’s t-test and ANOVA applied for more than two groups/
categories comparison.

The sensitivity and specificity of HLA-B27 evaluation by flowcytometry
was also done.

Sensitivity=True positive/(True positive+False negative)
Specificity=True negative/(True negative+False positive)

www.jcdr.net

PPV=True positive/(True positive+False positive)
NPV=True negative/(True negative+False negative)

For all statistical tests, a p-value less than 0.05 were taken to be
indicative of significant association.

RESULTS

Majority (16 cases-31.3%) of the patients were in the age group
31-40 years of age with a male to female ratio of 5.3:1 among the
HLA-B27 positive cases [Table/Fig-1]. Forty cases (78.4 %) included
in this study were less than 45 years of age, irrespective of their
HLA B27 status.

35 7

30

25 1

20 - “ Total
15 1 = Male

[ [
10 - Female

d

11-20 21-30 31-40 41-50 51-60 61-70
yr yr yr yr yr yr

[Table/Fig-1]: The age and gender distribution of the study population (n=51).

The association of HLA-B27 by flowcytometry was evaluated
with clinicopathological parameters [Table/Fig-2] and a significant
association (p-value=0.001) was seen only with IBP and with
sacroilitis (p-value=0.03).

A total of 28 patients were tested by sequence specific PCR (SSA)
and 23 patients were tested by RT-PCR. Of the 22 (43.1%) patients
positive for HLA-B27 by PCR, 18 (81.8%) patients were positive,
while the remaining 4 (18.1%) were in grey zone by flowcytometry
[Table/Fig-3-5]. Of the 29 (56.9%) patients tested negative by
PCR, 27 (93.1%) patients were negative, one (3.4%) was in grey
zone and one (3.4%- false positive) tested positive for HLA-B27 by
flowcytometry [Table/Fig-3-5].

The sensitivity, specificity, PPV and NPV of flowcytometry was
calculated both by excluding and including the cases in the grey
zone (LMF=147-157) [Table/Fig-6], taking PCR as gold standard. A
higher sensitivity (100%) was observed when the grey zone cases
were excluded (sensitivity of 81.8% if grey zone cases included)
while specificity (96.4% vs 96.5%) was almost equivalent in both
the methods. A high NPV (100%) and PPV (94.7%) were observed
when grey zone cases were excluded.

DISCUSSION

In the present study, a total of 51 patients with clinical suspicion of
SpA were selected and tested for the presence of HLA-B27 antigen
by both PCR technique and flowcytometry. Skare TL et al., from
Brazil evaluated 1424 SpA patients and noted that the mean age at
disease onset was 28.56+12.34 years with 81.8% being affected
before the age of 40 and another 7.5% patients between the ages
of 41-45 years [8].

In the present study, MDER or grey zone was taken as 147-157
i.e., 10 channels up from the suffix mentioned on the vial (147) [7].
The authors encountered 5 (9.8%) patients in grey zone, of which
4 patients were positive for HLA-B27 and one patient was negative
for HLA-B27 by PCR.

The IBP is the most common and foremost symptom of axial
SpA. The severity and duration of IBP mirrors the extent of
inflammation of sacroiliac joints, spine and spinal entheses [9]. In
2009, ASAS developed a new classification criteria for IBP which
included: 1) Insidious onset; 2) Pain at night (with improvement
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logical and laboratory parameters.

n of HLA-B27 by flowcytometry with demographic, ¢

[Table/Fig-2]: Associ

Ikocyte antigen; M: Male, F: Female; P: Present, A: Absent; (Chi-square test/ Fisher-exact test)
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Flowcytometry results
PCR results Positive Grey zone Negative | Total
” 4 (18.1%)
0, -
Positive (22) 18 (81.8%) (False negative) 22
. 1(3.4%) 1(3.4%) 27
Negative (29) (False positive) (False positive) ©@1%) | *°

[Table/Fig-3]: HLA B27 results by flowcytometry and PCR

[Table/Fig-4]: Photograph shows analysis of HLA-B27 by flowcytometry in FACS
Canto |l clinical software. The population of T-lymphocytes has been gated on dot

plot of CD3 PE versus side scatter. T-lymphocyte population is displayed on a FITC
labelled Anti HLA-B27/FL1 histogram, according to the LMF.

a) The log mean fluorescence is 169, the sample is positive for HLA-B27

b) The log mean fluorescence is 98, the sample is negative for HLA-B27

c) The log mean fluorescence is 152 which lies in grey zone

[Table/Fig-5]: a) Photograph shows HLA-B27 SSP-PCR amplification. There

is simultaneous amplification and presence of Human growth hormone at 430

bp which is the internal control. Appearance of 145 base pair (bp) specific band
indicates the presence of HLA-B27 gene (lane 1 and 3) and its absence indicates
a negative sample for HLA-B27 (lane 2 and 4). b) Shows the graph for RT-PCR. X and Y
axis depict the number of cycles and fluorescence, respectively.

The base line (threshold) is set for fluorescence

Above the threshold is the red curve (positive control) which is seen crossing the threshold in

23 cycles

Blue straight line indicates the negative control as it does not cross the threshold for fluorescence
in 35 cycles

Green curve indicates the test sample, which is crosses the threshold on the 28" cycle and is
positive for HLA-B27
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Method True positive | True negative | False positive | False negative | Sensitivity | Specificity PPV NPV
Flowcytometry (excluding grey zone cases) (n=46) 18 27 1 0 100% 96.4% 94.7% 100%
Flowcytometry (including grey zone cases) (n=51) 18 28 1 4 81.8% 96.5% 94.7% 87.5%

[Table/Fig-6]: Performance analysis for flowcytometry taking PCR method as gold standard.

PPV: Positive predictive value; NPV: Negative predictive value

upon getting up); 3) Age at onset <40 year; 4) Improvement with
exercise; 5) No improvement with rest. The sensitivity of IBP for a
diagnosis of axial SpA has been shown to be about 70% [3,10].
In a population-based study in Germany, >60% of patients (n=90)
had symptoms suggestive of IBP, with 47% in the human leucocyte
antigen B27 positive (HLA-B27+) group and 4% in the B27 negative
group [11]. Similarly, 41% cases in the present study reported
IBP and 66% of them tested positive for HLA-B27 by flowcytometry.
A significant association was noted between IBP and HLA-B27 in
the present study.

The HLA-B27 is a genetic biomarker of joint disease in psoriasis
patients and is also a marker of disease expression in psoriatic arthritis
(PsA) [12]. HLA-B27 was present in about 20% of the cases {Odds
Ratio (OR) 3.03} in the largest study performed for the association of
HLA with PsA in Canada, including 678 cases and 688 controls [13].
Contrary to published literature, in the present study no statistically
significant association was noted between HLA-B27 expression and
psoriasis, possibly due to small size of the study population.

Dactylitis, or “sausage-like” digit, is a typical manifestation of SpA
[14]. Arevalo M, found that HLA-B27 positivity confers risk for an
early disease onset and family aggregation. However, they found
that cases negative for HLA-B27 had a higher propensity for
peripheral arthritis, dactylitis and other extra articular manifestations
[15]. In the present study, only one patient had history of dactylitis
and tested positive for HLA-B27.

The prevalence of AS in patients with ulcerative colitis is 2.6% and
that in Crohn’s Disease is 6%, giving an overall prevalence of 3.7%
in patients with IBD [16,17]. In the present study, only 5.8% cases
had history of IBD and it was not significantly associated with HLA-
B27 positivity.

The SpAs are long standing chronic inflammatory conditions and
patients generally have elevated acute phase reactant proteins in
their blood. Akassou A and Bakri Y studied phenotype association
with HLA-B27 status in patients with SpA and found that patients
positive for HLA-B27 presented with more severe and active disease
[18]. CRP and ESR are the two most commonly used markers of
disease however; they have both low sensitivity and specificity [19].
An elevated CRP is included in the ASAS Axial SpA classification
criteria as a measure of disease activity. An elevated CRP or ESR is
presentin only about 40-50% of patients with AS, therefore, anormal
ESR or CRP does not rule out AS or comprehensively capture active
disease [20]. High CRP is also associated with higher incidence of
radiographic changes on spine X-rays and signs of inflammation on
sacroiliac MRI [21]. A recent paper mentions high sensitivity CRP
to correlate better than routine CRP with clinical disease activity
parameters in patients with axial SpA [22]. In the present study, no
statistically significant correlation was found between CRP/ESR and
HLA-B27 expression.

Involvement of sacroiliac joints is the hallmark of axial SpA with
sacroilitis being the first manifestation. The most sensitive imaging
technique for its detection is MRI [23]. Similar to published literature,
in the present study a statistically significant association was noted
between sacroilitis and HLA-B27 expression.

The intermediate LMF in 4 of the equivocal cases by flowcytometry
and positive by PCR technique could be attributed either to masking
effect of co-existing HLA BO7 or a subtype of HLA-B27 which has
lower expression when assessed by flowcytometry [24]. Other causes
of decreased LMF in HLA-B27 positive cases seen by other authors
include age of the sample and treatment status of patients [25].

In the present study, of the 29 patients who tested negative by PCR,
27 patients were negative for HLA-B27 by flowcytometry as well.
Two cases, one equivocal by flowcytometry and one positive by
flowcytometry, were found to be negative by PCR technique, which
could be due to presence of cross reactive groups like HLA B37 and
HLA BO7. Usually, these groups cause an equivocal LMF but rarely
may cause a false positive result especially with HLA BO7 [26,27].
The percentage of samples in grey zone in different studies along

with the clone used is summarised in [Table/Fig-7] [4,7,26,28].

Demirel
GY and Chedda P | Reynolds | Bonnaud G
Guzel O etal,[7] | WMetal, et al., [28] Present
Parameters [4] (2016) (2018) [26] (1996) (1999) study
HLA-
Clone ABC-m3,
used for :;A'ABC' SSHL%'Q FD 705 GS145.2 GS 145.2
flowcytometry and FD705
clones
Definition of 138157 | 1049 Ejﬁgg”ed 147157
grey zone LMF shift curves
12% (34
0
Percentage 5.78% 5.09 (czag ecz)éegsf
of samplesin | 13.2% (436 ( 1'09"%363) and 28% 9.8%
grey zone cases) (81 cases)
respectively.

[Table/Fig-7]: Comparison of percentage of samples in grey zone among various

published studies [4,7,26,28].

However, Skalska U et al., in their study concluded that additional
presence of HLA BO7 can result in false negative results by
flowcytometry using GS 145.2 monoclonal antibody, due to its cross
reactivity leading to masking of coexisting HLA-B27 antigen [25].

There were five samples which tested equivocal in the present
study which would definitely require confirmation by molecular
testing, as per the manufacturer’s guidelines. In the present study,
the authors found discordance (one false positive) between PCR
and flowcytometry even when the five cases in the grey zone
were excluded.

The performance analysis in the present study implies that
flowcytometry has a NPV of 100% though the PPV is 94.7%.
[Table/Fig-8] summarises the comparison of performance analysis
parameters of various studies [4,25,29,30]. Thus, the present study
is in concordance with previous studies [7,25-29] and manufacturer
guidelines, where further testing of equivocal cases is mandatory.
Furthermore, in the present study, the authors found that cases

Demirel

Parameters

GY and
Guzel O
[4] (2016)

Skalska U
et al., [25]
(2015)

Seippe MT
et al., [29]
(2005)

Nicknam
Metal.,
[30] (2003)

Present
study

Clone used

HLA-
ABC-m3

GS 145.2

GS 145.2,
FD 705,
both clones
combined

GS 145.2

Sensitivity

99%

99%

95.2%,

98.2%,

98.8%,
respectively

100%

100%

Specificity

100%

88.6%,

98.6%,

97.6%,
respectively

94.6%

96.4%

[Table/Fig-8]: Comparison of performance analysis parameters of flowcytometry

among various published studies [4,25,29,30].
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negative by flowcytometry do not require confirmation, while need
for additional PCR testing for positive cases should be assessed by
the clinician.

Limitation(s)

The present study was limited by non availability of allele sequencing
for HLA-B27 to correlate the LMF obtained in all cases with presence
of cross reactivity groups and various subtypes of HLA-B27.

CONCLUSION(S)
Despite the established efficacy of flowcytometry the issue of
antibody cross reactivity persists. The concept of grey zone identifies
the subset of such patients, thus subjecting them to further testing.
Although the sample size was limited, the study brings to light that
flowcytometry is a fairly specific and sensitive method for HLA-
B27 detection with a high NPV. Taking PCR as gold standard, a
higher sensitivity (100%) was observed when the grey zone cases
were excluded (sensitivity of 81.8% if grey zone cases included)
while specificity (96.4% vs 96.5%) was almost equivalent in both
the methods. In the COVID-19 era, it reiterates the importance of
flowcytometry for HLA-B27 especially when PCR is overburdened.

REFERENCES

[1] Mehra NK. The HLA Complex in Biology and Medicine: A Resource Book.
Jaypee Brothers Medical Publishers. 2010;1(1):259-76.

[2] Khan MA. Polymorphism of HLA-B27: 105 subtypes currently known. Curr
Rheumatol Rep. 2013;15(10):362-67.

[3] Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-Vargas R, et
al. The Assessment of SpondyloArthritis international Society (ASAS) handbook:
A guide to assess spondyloarthritis. Ann Rheum Dis. 2009;68:ii1-44.

[4] Demirel GY, Guzel O. Accurate and simple interpretation of HLA-B27 screening
by flow cytometry. Turk J Immunol. 2016;4(1):01-06.

[5] Sharma N, Sharma V, Masood T, Nautiyal SC, Sailwal S, Singh RK, et al.
Usage of conventional PCR technology for the detection of HLA-B27 Allele:
A significant molecular marker of ankylosing spondylitis. Indian J Clin Biochem.
2013;28:189-92.

[6] Roelandse-Koop EA, Buisman B, van Hannen EJ, van der Zee A, Kortlandt W,
Hermans MH, et al. Rapid HLA-B27 screening with real-time TagMan PCR:
A clinical validation in the Dutch population. Clin Chem Lab Med. 2011;49:1979-85.

[7]1 Chheda P, Warghade S, Mathias J, Dama T, Matkar S, Shah N, et al. HLA-B27
testing: A journey from flow cytometry to molecular subtyping. J Clin Lab Anal.
2018;32(5):01-09.

[8] SkareTL, Leite N, Bortoluzzo AB, Gongalves CR, da Silva JA, Ximenes AC, et al.
Effect of age at disease onset in the clinical profile of spondyloarthritis: A study of
1424 Brazilian patients. Clin Exp Rheumatol. 2012;30(3):351-57.

[9] Akgul O, Ozgocmen S. Classification criteria for spondyloarthropathies. World J

Orthop. 2011;2(12):107-15.

Brandt HC, Sieper J. Performance of referral recommendations in patients

with chronic back pain and suspected axial spondyloarthritis. Ann Rheum Dis.

2007;66(2007):1479-84.

[10]

[11]

2]
[13]
[14]
[15]

[16]

N7

e

[19]

[20]

[21]

[22]

[23]

[24]

[28]

[26]

[27]

[28]

[29]

[30]

Deepali Saxena et al., HLA-B27 Expression by Flowcytometry

Brandt J, Bollow M, Haberle J, Rudwaleit M, Eggens U, Distler A, et al. Studying
patients with inflammatory back pain and arthritis of the lower limbs clinically and
by magnetic resonance imaging: Many, but not all patients with sacroiliitis have
spondyloarthropathy. Rheumatology (Oxford). 1999;38(9):831-36.

Braun J, Bollow M, Remlinger G, Eggens U, Rudwaleit M, Distler A, et al.
Prevalence of spondylarthropathies in HLA-B27 positive and negative blood
donors. Arthritis & Rheumatism. 1998;41(1):58-67.

Nestle FO, Kaplan DH, Barker J. Psoriasis. N Engl J Med. 2009;361(5):496-509.
Siegel DM, Baum J. HLA-B27 associated dactylitis in children. J Rheumatol.
1988;15(6):976-77.

Arévalo M. Influence of HLA-B27 on the Ankylosing Spondylitis phenotype: Results
from the REGISPONSER database. Arthritis Res Ther. 2018;20(221):1724-27.
Palm O, Moum B, Ongre A, Gran JT. Prevalence of ankylosing spondylitis and
other spondyloarthropathies among patients with inflammatory bowel disease:
A population study (the IBSEN study). J Rheumatol. 2002;29(3):511-15.

Wright V. Seronegative polyarthritis. A unified concept. Arthritis & Rheumatism.
1978;21(6):619-33.

Akassou A, Bakri Y. Does HLA-B27 status influence ankylosing
spondylitis phenotype? Clin Med Insights Arthritis Musculoskelet Disord.
2018;11:1179544117751627.

Spoorenberg JPL. Outcome and disease activity in ankylosing spondylitis:
An international study. Maastricht: Universiteit Maastricht, 2003;1:1-135.
Rudwaleit M, Haibel H, Baraliakos X, Listing J, Marker-Hermann E, Zeidler H,
et al. The early disease stage in axial spondylarthritis: Results from the german
spondyloarthritis inception cohort. Arthritis Rheum. 2009;60(3):717-27.

Wallis D, Haroon N, Ayearst R, Carty A, Inman RD. Ankylosing spondylitis and
nonradiographic axial spondyloarthritis: Part of a common spectrum or distinct
diseases? J Rheumatol. 2013;40(12):2038-41.

Bredella MA, Steinbach LS, Morgan S, Ward M, Davis JC. MRI of the sacroiliac
joints in patients with moderate to severe ankylosing spondylitis. American
Journal of Roentgenology. 2006;187(6):1420-26.

Poddubnyy D, Rudwaleit M, Listing J, Braun J, Sieper J. Comparison of a
high sensitivity and standard C reactive protein measurement in patients with
ankylosing spondylitis and non-radiographic axial spondyloarthritis. Annals of
the Rheumatic Diseases. 2010;69(7):1338-41.

Diekhoff T, Hermann KGA, Greese J, Schwenke C, Poddubnyy D, Hamm B,
et al. Comparison of MRI with radiography for detecting structural lesions of
the sacroiliac joint using CT as standard of reference: Results from the SIMACT
study. Ann Rheum Dis. 2017;76(9):1502-08.

Skalska U, Kozakiewicz A, Masliiski W, Jurkowska M. HLA-B27 detection-
comparison of genetic sequence-based method and flow cytometry assay.
Reumatologia. 2015;53(2):74-78.

Reynolds WM, Evans PR, Wilson PJ, Wong WM, Darke C, Smith JL. Automated
routine HLA-B27 typing by flow cytometry. Journal of Immunological Methods.
1996;197(1):01-05.

Lingenfelter B, Fuller TC, Hartung L, Hunter J, Wittwer C. HLA-B27 screening by
flow cytometry. Cytometry. 1995;22(2):146-49.

Bonnaud G, Aupetit C, Preux PM, Cogné M, Drouet M. Optimisation of HLA-B27
testing by association of flow cytometry and DNA typing. Clinical Rheumatology.
1999;18(1):23-27.

Seipp MT, Erali M, Wies RL, Wittwer C. HLA-B27 typing: Evaluation of an allele-
specific PCR melting assay and two flow cytometric antigen assays. Cytometry.
2005;63(1):10-15.

Nicknam M, Jamshidi A, Hakemi MG, Khosravi F, Amirkhani A, Narouinejad
M, et al. Comparison of validity of microlymphocytotoxicity and flowcytometry
methods with PCR For HLA-B27 antigen typing. MJIRI. 2003;17(1):75-79.

PARTICULARS OF CONTRIBUTORS:

1. Postgraduate Student, Department of Pathology, Shri Guru Ram Rai College of Medical and Health Sciences, Dehradun, Uttarakhand, India.
2. Assistant Professor, Department of Neurosurgery, Shri Guru Ram Rai College of Medical and Health Sciences, Dehradun, Uttarakhand, India.
3. Professor, Department of Pathology, Shri Guru Ram Rai College of Medical and Health Sciences, Dehradun, Uttarakhand, India.

4. Assistant Professor, Department of Pathology, Shri Guru Ram Rai College of Medical and Health Sciences, Dehradun, Uttarakhand, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Sana Ahuja,

Assistant Professor, Department of Pathology, Shri Guru Ram Rai College of Medical
and Health Sciences, Dehradun, Uttarakhand, India.

E-mail: sanaahujal1@yahoo.com

AUTHOR DECLARATION:

¢ Financial or Other Competing Interests: None

e Was Ethics Committee Approval obtained for this study? Yes

¢ Was informed consent obtained from the subjects involved in the study? Yes

e For any images presented appropriate consent has been obtained from the subjects.

Journal of Clinical and Diagnostic Research. 2023 Apr, Vol-17(4): EC13-EC17

PLAGIARISM CHECKING METHODS: an*etall

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Sep 20, 2022
e Manual Googling: Dec 12, 2022
e iThenticate Software: Dec 26, 2022 (20%)

No

Date of Submission: Sep 10, 2022
Date of Peer Review: Dec 10, 2022
Date of Acceptance: Jan 03, 2023
Date of Publishing: Apr 01, 2023


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

