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Abstract
Background  The diagnostic and prognostic relevance of Human Leukocyte Antigen B-27 (HLA-B27) in Axial 
Spondyloarthritis (AxSpA) is undeniable, with 70% of Ankylosing Spondylitis (AS) patients carrying the B27 gene, 
contrasted with a mere 4.35% in the general population. Flow cytometry (FC) and Polymerase Chain Reaction (PCR) 
have emerged as the predominant techniques for routine HLA-B27 typing. While various studies have compared 
these methods, none have catered to the unique characteristics of the Brazilian demographic. Therefore, this research 
aims to compare FC and PCR in a Brazilian cohort diagnosed with AxSpA.

Methods  An analytical cross-sectional study was undertaken involving 62 AxSpA outpatients from a Brazilian 
University Hospital. Both FC and PCR-SSP assays were utilized to ascertain HLA-B27 typing. The outcomes (either 
confirming or refuting the allele’s presence) underwent rigorous scrutiny. Agreement between the methodologies 
was assessed using the kappa statistic. A p-value of < 0.05 was deemed statistically significant.

Results  Of the participants, 90.3% (n = 56) were HLA-B27 positive according to FC, while 79% (n = 49) were identified 
as positive using the PCR method. FC exhibited a sensitivity rate of 98% paired with a specificity of 38.5%. The Positive 
Predictive Value for FC stood at 85.7%, and the Negative Predictive Value was 83.5%. Consequently, the overall 
accuracy of the FC method was gauged at 85.5%. A kappa coefficient of κ = 0.454 was derived.

Conclusions  FC demonstrated noteworthy sensitivity and satisfactory accuracy in HLA-B27 detection, albeit with 
a reduced specificity when contrasted with PCR-SSP. Nevertheless, given its cost-effectiveness and streamlined 
operation relative to PCR, FC remains a pragmatic option for preliminary screening in clinical practice, especially in 
low-income regions. To optimize resource allocation, we advocate for a refined algorithm that initiates by assessing 
the relevance of HLA-B27 typing based on Choosing Wisely recommendations. It then leans on FC, and, if results 
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Introduction
Axial spondyloarthritis (AxSpA) encompasses a spec-
trum of chronic inflammatory disorders primarily target-
ing the axial skeleton, potentially resulting in structural 
ankylosis [1]. Besides the spine, entheses and peripheral 
joints are commonly involved, frequently leading to joint 
destruction and consequent physical disability [2]. The 
presence of radiographic changes in the sacroiliac joints 
delineates Ankylosing Spondylitis (AS), also known as 
radiographic axial spondyloarthritis (r-AxSpA), from its 
counterpart, non-radiographic Axial Spondyloarthritis 
(nr-AxSpA) [3–5].

AxSpA significantly impacts the quality of life of those 
affected, with the health impact being influenced by indi-
vidual-level and country-level socioeconomic factors [6]. 
R-axSpA prevalence in Latin America falls between 0.2% 
and 0.8% [7], primarily affecting young adults in their 
twenties and thirties [8]. The advent of novel AxSpA ther-
apeutic strategies underscores the necessity of prompt 
diagnosis and meticulous clinical profiling [9]. Diag-
nosing AxSpA in individuals with nonspecific chronic 
back pain involves an intricate process. This includes 
an assessment of patient demographics, back pain attri-
butes, inflammatory markers like C-reactive protein, 
imaging of the axial skeleton, and importantly, the detec-
tion of Human Leukocyte Antigen-B27 (HLA-B27)—a 
dual diagnostic and prognostic instrument [10].

The relationship between HLA-B27 and AxSpA is well-
established, yet its precise pathophysiological mecha-
nisms remain incompletely understood [11]. Notably, 
the relative risk that HLA-B27 imparts in AS exceeds its 
influence in other conditions with genetic predispositions 
dictated by the MHC [12]. Globally, HLA-B27 seroposi-
tivity is observed in 90 to 95% of Caucasian AS patients 
[13]. In Brazil, a country with significant genetic diver-
sity, the prevalence of HLA-B27 in AS is estimated to be 
between 65 and 70% [7, 14], a figure significantly higher 
than the 4.35% found in the general population [15]. 
Importantly, a positive HLA-B27 status correlates with 
a more severe disease phenotype and poorer functional 
status [16]. Due to its invaluable prognostic insights, the 
Brazilian Society of Rheumatology recommends HLA-
B27 testing for patients with clinically suspected AxSpA 
for prognostic reasons [17].

Given the profound implication of HLA-B27 in the 
diagnosis and prognosis of AS, accurate detection 
becomes imperative. Traditional methods for HLA-B27 
detection encompass serological tests and flow cytom-
etry (FC). However, the specificity of these methods, at 

times, undergoes scrutiny, prompting medical profes-
sionals to gravitate towards genotyping techniques like 
polymerase chain reaction (PCR), which are more spe-
cific [18–20]. Nonetheless, FC remains widely used due 
to its cost-effectiveness, ease of use, prompt results, and 
high sensitivity. In contrast, PCR offers heightened speci-
ficity, albeit at a steeper cost and with increased proce-
dural complexity. Hence, HLA-B27 detection by FC is 
still adopted in smaller diagnostic laboratories, especially 
in low-income regions like Latin America and India [21], 
but also in high-income regions like the US [22].

In light of the critical role HLA-B27 plays in AxSpA 
diagnosis and prognosis, ensuring its precise detection 
is of paramount importance. Although FC offers a blend 
of cost-effectiveness, simplicity, and sensitivity, it may be 
contrasted with the specificity promised by PCR, albeit 
at a higher cost and complexity. Yet, as healthcare deci-
sions often pivot on the delicate balance of cost, accuracy, 
and resource availability, understanding the relative mer-
its of these two diagnostic modalities is essential. With 
HLA-B27 prevalence differing across populations, this 
study in Brazil is key to gauging local predictive values. 
Our research, the first of its kind in the Brazilian popula-
tion, contrasts FC and PCR for HLA-B27 detection, seek-
ing the optimal mix of accuracy and feasibility. Beyond 
bridging a knowledge gap, our findings could steer clini-
cal and policy directions, notably in settings with limited 
resources.

Materials and methods
Patients and study design
In this cross-sectional study conducted in 2015, we con-
secutively recruited adults over the age of 18 diagnosed 
with AxSpA who presented for consultation at the out-
patient clinic. The diagnosis was established according 
to either the New York Criteria or the ASAS interna-
tional working group (Assessment of SpondyloArthritis 
International Society) [3, 4]. Eligible patients regularly 
attended the outpatient Spondyloarthritis Clinic at the 
Hospital de Clínicas de Porto Alegre (HCPA). The HCPA 
is a tertiary medical center affiliated with the Medical 
School of the Universidade Federal do Rio Grande do 
Sul (UFRGS). It primarily handles and treats more severe 
cases, standing as a key referral institution for intricate 
medical conditions in the region. All subjects willingly 
signed an Informed Consent Form (ICF), which had been 
approved by the HCPA’s ethics committee (Certificado 
de Apresentação de Apreciação Ética – CAAE – number 
01524112.2.0000.5327).

are negative yet clinical suspicion persists, advances to PCR. This approach aims to balance diagnostic accuracy and 
financial prudence, particularly in regions contending with escalating medical costs.
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Clinical and laboratory variables
Collected clinical and epidemiological data comprised 
age, gender, skin color, disease duration, and presence of 
psoriasis, uveitis, enthesitis, peripheral arthritis, dactyli-
tis, and sacroiliitis, as confirmed by conventional radiol-
ogy. HLA-B27 typing was performed for all participants 
using PCR-SSP (PCR—Sequence Specific Primer) and 
FC. Data were recorded in the Research Electronic Data 
Capture (REDCap) database, provided by the HCPA 
Research and Postgraduate Group.

The FC analyses were conducted in an external sup-
port laboratory, while the PCR-SSP tests were performed 
at HCPA with reagents developed by HCPA. For both 
tests, a volume of 5.0 mL of venous blood was drawn into 
a sterilized test tube containing 5.0% Ethylenediamine 
tetraacetic acid (EDTA) as an anticoagulant. The samples 
were stored in a refrigerator and processed within 24  h 
from the time of collection.

Analytical methods employed
Flow cytometry (CF)
Whole blood analyses via FC followed the protocol 
described by Arlindo et al. [23], with some modifications 
based on recent literature. Briefly, 50 µL of EDTA-anti-
coagulated peripheral blood was incubated with 10 µL of 
CYTOGNOS® reagent containing two conjugated mono-
clonal antibodies: FITC-labeled HLA-B27 and PE-labeled 
HLA-B7 (CYT-COMB1012, Cytognos, SL, ESP). After 
20 mins of dark incubation at room temperature, eryth-
rocytes underwent lysis with Excellyse I® (EXBIO, Praha, 
CZ) for 5 mins, followed by distilled water for 10 mins. 
Samples were centrifuged and re-suspended in phos-
phate-buffered saline. Immediate data acquisition was 
done post-quality control procedures on a 4-color FACS-
Calibur® flow cytometer (BD Biosciences, San Diego, CA, 
USA), using CellQuestTM Pro software. Approximately 
100,000 events were acquired per sample. CytoPaint-
Classic 1.1 software (Leukobyte, Pleasanton, CA, USA) 
was used for graphic analysis. Post debris exclusion, the 
lymphocyte region was highlighted, examining HLA-B27 

and HLA-B7 expression. Positive and negative events 
were determined using an unmarked cell negative con-
trol. Data interpretation drew from graphical informa-
tion (Fig. 1).

The inclusion of HLA-B7, alongside HLA-B27, was 
strategic to mitigate potential cross-reactivity issues 
inherent to these closely related alleles, which would 
lead to an increased false positive rate. This decision was 
informed by the known cross-reactive group (CREG) 
relationships, particularly between HLA-B27 and HLA-
B7, which have been documented to share epitopes lead-
ing to cross-reactivity in some testing scenarios [24]. 
By having a positive HLA-B27 at high intensity without 
detecting HLA-B7, we can ascertain with high confi-
dence that the result is indeed due to positive HLA-B27. 
Conversely, if both HLA-B27 and HLA-B7 are positive, 
the result may be considered indeterminate due to their 
cross-reactivity. The preference for using HLA-B7 instead 
of multiple monoclonal antibodies was due to feasibility 
and also because many available clones also share this 
similar problem of cross-reactivity [25].

Polymerase chain reaction (PCR)
The HLA typing method employed was the Polymerase 
Chain Reaction with Sequence-Specific Priming (PCR-
SSP), following an in-house protocol, which served as the 
reference for this study.

DNA was extracted from each of the samples through 
the hemolysis of 5.0 mL of whole blood with EDTA, 
using the salting-out technique. Primers designed to spe-
cifically amplify a 127 bp fragment of the HLA-B27 gene 
from exon 2 were used. The forward primer sequence 
was 5′-​G​C​T​A​C​G​T​G​G​A​C​G​A​C​A​C​G​C​T-3′, and reverse 
primers were 5′-​C​T​C​G​G​T​C​A​G​T​C​T​G​T​G​C​C​T​T-3′ and 
5′-​T​C​T​C​G​G​T​A​A​G​T​C​T​G​T​G​C​C​T​T-3′, targeting posi-
tions 76–94 and 207–226 of exon 2, respectively. This 
primer set was chosen for its ability to encompass alleles 
HLA-B27*01, B*27:02, B*27:03, B*27:04, and B*27:05.

For internal control of the reaction, primers target-
ing HLA-DRB1 intron 3 were used to amplify a 796  bp 

Fig. 1  Marker expression graphs obtained using Flow Cytometry. The peak that overlaps with the negative control indicates a negative expression of 
the marker. In contrast, peaks to the right of the negative control peak denote positive marker expression. This image was provided as a courtesy of the 
support laboratory where the analyses were conducted
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fragment. The sequences for these primers were 5′-​T​G​
C​C​A​A​G​T​G​G​A​G​C​A​C​C​C​A​A-3′ and 5′-​G​C​A​T​C​T​T​G​C​
T​C​T​G​T​G​C​A​G​A​T-3′. This internal control ensures the 
amplification process’s efficacy for each sample, provid-
ing a reliability measure for the PCR reaction.

The PCR reaction mixture consisted of 1.0 µL of the 
obtained DNA, 1.5 µL of primers, and 7.0 µL of a master 
mix (50 µL of TDMH (Tris, dNTPs, MgCl2, and H2O), 
24.5 µL of ultrapure water, and 1.0 µL of Taq Polymerase). 
This mixture was subjected to 31 cycles in a thermocycler 
(Applied Biosystems®), under the following conditions: 
cycle I: 96 °C for 60 s (once); cycle II: 96 °C for 20 s, 70 °C 
for 45 s, and 72 °C for 25 s (repeated five times); cycle III: 
96 °C for 25 s, 65 °C for 50 s, and 72 °C for 30 s (repeated 
twenty-one times); cycle IV: 96 °C for 30 s, 55 °C for 60 s, 
and 72 °C for 90 s (repeated five times); and cycle V: 20 °C 
for 60 s (once). After completion, the samples were main-
tained at 4 °C indefinitely.

Gel electrophoresis was performed by mixing twenty-
two microliters of the PCR-amplified material in the with 
7.0 µL of an Orange G dye for visualization and load-
ing onto a 2.0% agarose gel containing ethidium bro-
mide. The electrophoresis was conducted at a voltage of 
75 V and 170 mA for 30 mins, followed by visualization 
under UV transluminator. The results were documented 
based on the presence of the internal control band (com-
prising 796 base pairs) and the HLA-B27 specific band 
(127 base pairs), as shown in Fig.  2. Additionally, every 
test included an internal control, a positive B27 control 
sample, and a negative B27 control sample. These control 
samples were genotyped by Polymerase Chain Reaction 
with Sequence-Specific Oligonucleotide probes (PCR-
SSO) or Next-Generation Sequencing (NGS) to ensure 
the assay’s accuracy and specificity.

Statistical analysis
Data entry was performed using Microsoft Excel and 
was subsequently imported to SPSS v. 20.0 for statistical 
analysis. Categorical variables were summarized by fre-
quencies and percentages. Quantitative variables with a 
symmetrical distribution were described by their mean 
and standard deviation. In contrast, those with an asym-
metrical distribution were presented using the median 
and interquartile range.

The Fisher’s Exact Test was employed to compare cat-
egorical variables. For quantitative variables with sym-
metrical distribution, the Student’s t-test for independent 
samples was utilized. Variables with asymmetrical distri-
bution were compared using the Mann-Whitney U test.

Performance measures for FC, considering PCR as the 
gold standard, were calculated. True positives (TP) were 
defined as patients who tested positive for HLA-B27 by 
both PCR and FC, while true negatives (TN) were those 
negative by both methods. False positives (FP) were cases 
positive by FC but negative by PCR, and false negatives 
(FN) were those negative by FC but positive by PCR. 
These definitions allowed us to accurately calculate sen-
sitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and overall accuracy of the 
FC method. Additionally, the concordance between FC 
and PCR was evaluated using the Kappa statistic, with a 
significance level of 5% set for all statistical analyses.

Results
The study enrolled 62 patients diagnosed with AxSpA, 
of whom 60 had r-AxSpA and 2 had nr-AxSpA. Among 
these, 40 (64.5%) were male, and 55 (88.7%) self-identi-
fied as Caucasian. The average age was 54.5 ± 12 years. 
The median disease duration since diagnosis, as indicated 
by the 25th and 75th percentiles, was 14 years, ranging 

Fig. 2  Ethidium bromide-stained agarose gel following electrophoretic run. Results of HLA-B27 genotyping by in-house PCR-SSP with an amplified frag-
ment of 127 base pairs. Lanes 1–4: patients; NC negative control, PC positive control, OT open tube (beta-hemoglobin); a well; b internal control band 
(796 bp); c positive typing band (150 bp); d primer band

 



Page 5 of 9dos Santos Angeli et al. Advances in Rheumatology           (2024) 64:42 

between 9 and 24 years. There was a numerical difference 
when comparing the median disease duration between 
groups, with longer duration in the HLA-B27 negative 
group (p = 0.069).

The observed frequencies for the studied clinical fea-
tures were as follows: psoriasis (4.8%), uveitis (40.3%), 
enthesitis (45.2%), peripheral arthritis (27.5%), dacty-
litis (14.5%), and sacroiliitis (96.8%).  Table 1 provides 
a detailed breakdown of these findings and assesses the 
performance variance of clinical characteristics in rela-
tion to the presence or absence of the HLA-B27 antigen 
as detected by PCR. A statistically significant difference 
was observed for peripheral arthritis, with a higher fre-
quency in the HLA-B27 negative group compared to the 
HLA-B27 positive group (p = 0.032).

The correlation analysis results between FC and PCR, 
with PCR serving as the gold standard for comparison to 
FC, are presented in Table 2. Of the 62 patients examined, 
56 (90.3%) were found positive for HLA-B27 typing using 
FC, while 49 (79%) were positive when tested via the PCR 
method. Notably, three of these FC-positive patients 
(5.3%) yielded indeterminate results when evaluated 
solely by FC, but were confirmed positive by PCR. The 
sensitivity of FC, which measures the proportion of true 
positives correctly identified by the test (i.e., also positive 
to the PCR test), was determined to be 98%. Regarding 
specificity, five patients (8.1%) were correctly identified 

as negative by both FC and PCR testing (true negatives), 
while eight patients (12.9%) were incorrectly identified as 
positive by FC but were negative by PCR (false positive). 
This established a specificity of 38.5% for FC. Among all 
the analyses, 53 (85.5%) showed consistent findings with 
both methods, but nine (14.5%) had discrepant results. 
The PPV of FC was calculated to be 85.7%, and its NPV 
was 83.5%. Consequently, the overall accuracy of FC was 
ascertained to be 85.5%. The Kappa statistic, employed to 
assess the concordance between the two testing methods, 
yielded a moderate agreement (kappa value of 0.454).

Discussion
The pivotal role of HLA-B27 in the diagnosis and prog-
nosis of AxSpA underscores the importance of precise 
detection methodologies. Traditional diagnostic tech-
niques, such as FC, have been widely utilized due to 
their cost-effectiveness, straightforward implementation, 
and high sensitivity. However, its specificity in detecting 
HLA-B27 has been debated, prompting consideration of 
PCR-based methods, such as PCR-SSP and PCR-SSO. 
These techniques, recognized for their ability to provide, 
simultaneously, high sensitivity and specificity, are seen 
as offering enhanced test accuracy for HLA-B27 testing 
[21, 26].

Despite the acknowledged specificity benefits of PCR-
SSP and PCR-SSO, along with the ASAS designating 
HLA-B27 as a critical clinical criterion for AxSpA, there 
remains a lack of consensus on a universally recom-
mended testing method [4]. This absence of a definitive 
endorsement likely mirrors the array of diagnostic prac-
tices across various clinical settings. Moreover, the obser-
vation by the College of American Pathologists (CAP) 
that FC remains the dominant method for HLA-B27 test-
ing in the United States, accounting for 52% of all tests in 
2020 [22], highlights the nuanced decision-making pro-
cess imposed by the need to balance diagnostic precision 
against considerations of accessibility and cost.

In alignment with prior research, our study has dem-
onstrated that FC exhibits notable sensitivity in detecting 
HLA-B27. Our observed sensitivity not only surpassed 
that reported by Del Muñoz-Villanueva et al. in 2000 [27] 
but also proved comparable to the findings of Lingerfelter 
et al. in 1995 [28]. Upon further examination, it becomes 
evident that disparities in sensitivity across these and 
other studies can be attributed to a combination of fac-
tors. While sample quality is undeniably critical for FC, 
given its reliance on ample, viable cell-containing mate-
rial, the choice of monoclonal antibodies emerges as 
a paramount determinant of assay performance. The 
importance of proper sample storage was illustrated by 
Seo et al., in 2013, where they compared four different 
storage methods and found ideal results when using fro-
zen platelets (sensitivity of 100% and specificity of 99.3%) 

Table 1  Demographic, clinical, and laboratory characteristics of 
the studied population according to the presence of the HLA-
B27 antigen detected by PCR
Characteristics N = 62 HLA-B27 status p 

valuePositive 
(n = 48)

Negative 
(n = 13)

Male gender (%) 40 (64.5) 30 (62.5) 10 (76.9) 0.348
Caucasian (%) 55 (88.7) 45 (91.8) 10 (76.9) 0.153
Mean age (SD) 54.5 (12.3) 53.2 (12.5) 59.5 (10.5) 0.702
Median disease duration 
(IQR)

14 (9; 24) 13 (9; 21) 23 (11; 35) 0.069

Psoriasis (%) 3 (4.8) 2 (4.1) 1 (7.7) 0.513
Uveitis (%) 25 (40.3) 18 (36.7) 7 (53.8) 0.344
Enthesitis (%) 28 (45.2) 22 (44.9) 6 (46.2) 0.999
Peripheral arthritis (%) 17 (27.4) 10 (20.4) 7 (53.8) 0.032
Dactylitis (%) 9 (14.5) 7 (14.3) 2 (15.4) 0.999
Radiographic sacroiliitis 
(%)

60 (96.8) 47 (95.9) 13 (100.0) 0.999

N, number, SD standard deviation, IQR interquartile range

Table 2  Comparison of the HLA-B27 results using PCR and FC 
techniques

Polymerase chain reaction Total
Negative Positive

Flow Cytometry Negative 5 (8.1%) 1 (1.6%) 6 (9.7%)
Positive 8 (12.9%) 48 (77.4%) 56 (90.3%)

Total cases 13 (21%) 49 (79%) 62 (100%)
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[19]. Moreover, the choice of monoclonal antibodies 
necessitates careful consideration to minimize the risk of 
cross-reactivity [29], a prevalent challenge in FC that can 
lead to false-positive results. Selecting antibodies with 
low cross-reactivity potential is crucial in enhancing the 
assay’s diagnostic precision, underlining the relationship 
between antibody selection and the overall reliability of 
FC in HLA-B27 testing.

While FC exhibits high sensitivity in detecting HLA-
B27, akin to its role in other serological assessments, it 
shares certain limitations that can affect diagnostic pre-
cision due to lack of specificity. Owing to cross-reactiv-
ity with certain HLA alleles, these assays occasionally 
require confirmation by more precise techniques. In our 
cohort of 62 patients, 90.3% tested positive for HLA-B27 
via FC, compared to 79% identified by the PCR method. 
Although FC’s sensitivity stood at 98%, the specificity was 
observed to be lower (38.5%), indicating a potential for 
ruling out non-HLA-B27-associated conditions. This dis-
crepancy was evident in the alignment of results between 
FC and PCR in 95.5% of cases, with a discordance rate of 
14.5%. Such variability, alongside a Kappa statistic of 0.45, 
highlights the need for enhanced specificity in FC testing, 
particularly due to potential cross-reactivity, notably with 
the HLA-B7 allele [19]. To mitigate these specificity chal-
lenges, it is advocated to use a minimum of two differ-
ent anti-HLA-B27 monoclonal antibodies in the FC assay 
[30, 31]. This approach aims to refine diagnostic accuracy 
by reducing false-positive outcomes attributed to allele 
cross-reactivity.

While we have highlighted the high sensitivity of FC in 
detecting HLA-B27, it is imperative to also consider its 
limitations, especially when compared to molecular test-
ing methods. FC, despite its cost-effectiveness and rapid 
turnaround time, may not achieve the same level of accu-
racy as molecular tests. Specifically, PCR-SSO and NGS 
methods have emerged as more refined approaches for 
HLA typing, providing allele-level resolution that FC 
cannot match [26]. Another significant limitation of FC 
in the context of HLA-B27 testing is its inability to dis-
criminate between alleles associated with AxSpA and 
those that are not, such as B27*06 or B27*09 [21]. This 
lack of specificity can lead to false-positive results, as FC 
does not differentiate between the various subtypes of 
the HLA-B27 allele. Despite these challenges, FC remains 
a valuable tool for HLA-B27 screening, particularly in 
resource-limited settings.

Our analysis, therefore, reflects a broader diagnos-
tic dilemma: the balance between FC’s sensitivity and 
the need for greater specificity as provided by PCR. 
Recently, the notion of value-based healthcare (VBHC) 
in rheumatology has gained momentum due to the ris-
ing medical expenses, which often limit access to ideal 
care in many regions of the globe [32, 33]. Essentially, 

VBHC prioritizes patient-centric outcomes while curtail-
ing unnecessary expenses, like judicious use of HLA-B27 
testing in suspected AxSpA cases [34]. The American 
College of Rheumatology (ACR) and the Canadian Rheu-
matology Association (CRA) recently published their 
Choosing Wisely recommendations (CWRs). Both bod-
ies emphasized the judicious selection of HLA-B27 tests 
to eschew needless expenses and avert misdiagnoses. 
Specifically, they advocate for testing in the presence of 
two or more features suggestive of AxSpA, or one feature 
coupled with radiographic sacroiliitis [35, 36].

Yet, the gap between recommendation and actual prac-
tice is stark. A recent retrospective study conducted in 
Minnesota highlighted this disparity: merely 35% of rheu-
matologists complied with these guidelines, and a mere 
13.9% of primary care practitioners did the same [37]. 
Therefore, to emphasize a VBHC in the field of rheuma-
tology, especially in lower-income regions, we propose 
an algorithm that acknowledges the strengths of each 
test and the CWRs (Fig.  3). For instance, at HCPA, an 
average of 88 HLA-B27 tests are ordered annually. Cur-
rently, PCR is priced at $64.00, whereas FC costs roughly 
$18.00. By following the CWRs, only 35% of the tests, or 
31 out of 88 tests, would be ordered by rheumatologists. 
This refinement in test ordering would translate to direct 
savings of $3648.00. Employing FC as the primary diag-
nostic tool for these 31 patients results in a total expense 
of $558.00—significantly less than the $1984.00 if all 
underwent PCR testing. Notably, considering the sensi-
tivity of FC at 98%, there is likely to be 1 false negative 
case, which could require retesting via PCR. Additionally, 
our data suggests that 5.3% of the FC tests might yield 
indeterminate results (i.e., 2 patients), necessitating a fol-
low-up PCR test. These scenarios necessitate follow-up 
PCR tests for a total of 3 patients, costing an additional 
$192.00. By implementing this algorithm, the annual 
diagnostic expenditure at HCPA would be $750.00, a 
stark contrast to the potential $5632.00, demonstrating 
a considerable cost-saving at each diagnostic phase. This 
methodology not only optimizes expenditures but also 
guarantees patients receive prompt and effective diag-
nostic care. (All financial figures are in US dollars, based 
on the dollar-real exchange rate as of August 14th, 2023.)

HLA-B27 prevalence was 79% in our study, which 
aligns with findings by Sampaio-Barros et al. in 2013. 
Moreover, we observed that 91.8% of HLA-B27 sero-
positive patients self-identified as Caucasian, consistent 
with the earlier review of the Brazilian consensus on 
spondyloarthropathies from 2007 [9]. Among the clini-
cal characteristics of our study population, the presence 
of peripheral disease combined with a smaller propor-
tion of HLA-B27 positive patients underscores the gene’s 
association with axial involvement. This demographic 
and clinical insight further emphasizes the need for 
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understanding the specificities of the patient population 
when interpreting diagnostic outcomes.

Accurate detection of HLA-B27 supports clinicians in 
disease diagnosis, and the chosen method should take 
into account factors such as sensitivity, specificity, test 
availability, and cost implications for both the patient 
and the health system, be it public or private. With the 
increasing accessibility of knowledge and information, 
the integration of molecular biology into lab routines is 
advancing. Nevertheless, its adoption remains elusive for 

many smaller facilities in countries like Brazil, the US and 
India [22, 38]. Techniques like PCR require standardized 
facilities, trained staff, and specific equipment to ensure 
their quality execution. These requirements hinder 
many establishments from offering these tests. Efforts to 
address these challenges invariably increase costs, further 
elevating test expenses [18]. Conversely, implementing a 
flow cytometer does not require regulated space; equip-
ment handling follows the manufacturer’s guidelines, and 
the technique is based on the reagent kit’s instructions. 

Fig. 3  Diagnostic algorithm. Initially, upon a clinical suspicion of AxSpA, determine if the clinical scenario meets the ACR’s or CRA’s Choosing Wisely Rec-
ommendations (CWRs). If so, proceed with Flow Cytometry (FC) as the primary diagnostic test. Patients with positive FC results are managed as AxSpA. In 
contrast, if the FC result is negative and the clinical suspicion remains high, further testing with PCR is advised. For those not meeting the CWRs criteria 
or having negative findings without continued clinical suspicion, no further testing is recommended, effectively optimizing both diagnostic accuracy 
and cost-efficiency. AxSpA axial spondyloarthritis, ACR American College of Rheumatology, CRA Canadian Rheumatology Association, PCR polymerase 
chain reaction
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Despite its limitations, novel devices are emerging to 
bridge these gaps, aiming to simplify sample handling or 
to enhance the equipment’s sensitivity and specificity by 
augmenting the number of fluorochromes and lasers [39, 
40].

Several limitations need to be acknowledged in our 
study. Firstly, our patient selection relied on conve-
nience sampling, potentially introducing selection bias 
and questioning the generalizability of our findings to 
the broader axSpA patient population. A notable obser-
vation was that the majority of participants satisfied 
the New York criteria for sacroiliitis. While this might 
hint at a selection bias, skewing our cohort towards a 
high pre-test likelihood, it could also have ramifications 
on the perceived accuracy of the tests. The outcomes 
might seem more decisive than they would in a hetero-
geneous or more ambiguous patient group. Yet, this 
very characteristic could be interpreted as a strength: 
diagnostic accuracy assessments are most meaningful 
in populations without diagnostic ambiguity. Addition-
ally, while the molecular methods used were of the latest 
design, they were restricted to reagents exclusively devel-
oped by HCPA, which might affect the reproducibility of 
the results in other settings or using alternative reagents. 
Lastly, while our sample size was robust, larger multi-
center studies may offer more comprehensive insights 
and validation of our findings in diverse populations and 
geographical areas. Future studies could benefit from a 
prospective design, randomized sampling, and inclusion 
of the latest diagnostic markers to enhance the rigor and 
external validity of the findings.

In summary, while the stakes in medical diagnosis 
are invariably high, ensuring accurate and cost-effective 
diagnostic procedures is pivotal. Given its relative afford-
ability, simpler handling, and quicker result delivery than 
PCR, FC might still serve at least as a preliminary screen-
ing tool in certain scenarios. It can assist physicians in 
ruling out false negatives, thereby streamlining their 
investigation for AxSpA diagnosis while decreasing costs, 
which is paramount in the current landscape of steeping 
medical costs. Our proposed algorithm presents a pos-
sible framework for healthcare systems striving to bal-
ance diagnostic accuracy with financial prudence. Future 
investigations exploring the root causes behind test dis-
crepancies—whether inherent to the tests, patient-spe-
cific, or due to technical nuances—can propel the field 
towards more reliable, consistent, and patient-centric 
diagnostic modalities.
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