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ABSTRACT

Objective: To evaluate the value of next-generation sequencing
(NGS) in the prevention and management of thalassemia.

Methods: A systematic search was performed in eight databases
including China Biomedical Literature Database, Chinese National
Knowledge Infrastructure, Chinese Scientific Journals Database,
Wanfang database, PubMed, EMBASE, Web of Science, and
Cochrane Library from the inception to 1 June 2022. Stata 17.0 and
Review Manager 5.4 were used for the meta-analysis.

Results: Nine studies containing 14 794 participants were included
in the meta-analysis. Compared with the routine genetic testing
(including Gap-PCR and reverse dot blot), NGS had higher detection
rates in screening thalassemia (RR 1.22, 95% CI 1.13-1.31, P<0.01),
particularly for the a-thalassaemia mutation carriers (RR 1.24, 95%
CI 1.07-1.44, P<0.01). However, no significant difference was found
in the screening of (3-thalassemia (RR 1.10, 95% CI 0.99-1.23,
P>0.05).

Conclusions: Compared with routine genetic testing, NGS had
a higher detection rate in general, particularly in the detection of

«-thalassemia.

KEYWORDS: Thalassaemia; Next-generation sequencing; Meta-

analysis

1. Introduction

Thalassemia is an inherited single-gene genetic disease, which
is described as a set of hemoglobinopathies in which one or more
globin peptide chain synthesis disorders are caused by a globin gene

deficiency[1]. Thalassemia is a severe health threat that has been

reported in 229 countries. A total of 5.2% of the global population,
7% of pregnant women, and 1% of married couples are at risk for
thalassemial2]. Southern China has a high thalassemia prevalence,
with a-thalassemia rates ranging from 8% to 15% and [3-thalassemia
rates ranging from 2% to 11%]3]. Thalassemia is a significant public
health issue that is passed from parents to their children, resulting
increased health and treatment costs for the family[4]. Countries
embrace premarital screening to identify high-risk couples and
assist them to produce healthy babies via genetic counseling. The
screening a simple and cost-effective way for avoiding the birth of
infants with thalassemial5].

As a reliable and quick way of detecting monogenic illness,
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next-generation sequencing (NGS) may provide a vast amount
of data that can be used to establish gene sequences and assess
potential hereditary risks. NGS is a reliable molecular diagnostic
tool for a-and (3-globin mutation identification since it uses high
throughput sequencing for the entire length gene sequence of a-
and [3-globin genel6]. Since 2016, NGS has been used extensively
in Southern China for molecular screening of thalassemia and
prenatal diagnosis. As a first-tier DNA screening method, NGS may
be more precise than traditional thalassemia screening, according
to preliminary findings. In addition to increasing the sensitivity of
carrier detection, this has led to the discovery of novel variations|7].
However, it remains unclear how next-generation sequencing varies
from traditional genetic testing (Gap-PCR and RDB-PCR) in terms
of thalassemia screening outcomes. In this systematic review and
meta-analysis, we attempted to evaluate current available evidences
to determine the utility of next-generation sequencing for the

prevention and management of thalassemia.

2. Materials and methods

This systematic review was done in compliance with the
recommended reporting standards for systematic review and
meta-analysis studies. In the International Prospective Register of
Systematic Reviews database, the protocol for the systematic review
was recorded with the code CRD42022340982.

2.1. Literature search

Eight databases including China Biomedical Literature Database
(CBM), Chinese National Knowledge Infrastructure (CNKI),
Chinese Scientific Journals Database (VIP), Wanfang database (WF),
PubMed, EMBASE, Web of Science (WOS), and Cochrane Library
were searched from the inception to 1 June 2022 using Medical
Subject Headings and free-text terms. The search words included
“Thalassemia”, “High Throughput Nucleotide Sequencing”,

CLITS

“Next Generation Sequencing”, “Next-Generation Sequencing”,
“Sequencing, High-Throughput Nucleotid”, “Sequencing, Next-
Generation”, and “Deep Sequencing”. The complete search strategy
of PubMed and CBM is shown in Supplementary Table 1 and

Supplementary Table 2.

2.2. Inclusion criteria and study selection

Inclusion criteria including (1) Patients: people screened for
thalassemia; (2) Intervention: in the experimental group, NGS
technology was used in addition to routine genetic testing, as
was done in the control group; (3) Comparison: the people of the
control group were given the routine genetic testing [the routine
genetic testing included Gap-PCR and reverse dot blot (RDB)]; (4)

Outcomes: (a) thalassemia carriers, (b) a-thalassemia carriers, (c)
[-thalassemia carriers, (d) composite o« and (3-thalassemia carriers;
(5) Study types: case-control studies or retrospective studies were
included. This followings were excluded: (1) repeated published
literature; (2) review, case reports and animal experiments; (3) data

in the literature is inconclusive and muddled.

2.3. Quality assessment

The data extraction and quality evaluation were conducted by two
reviewers in turn. In the event of a dispute, it must be addressed by
discussion or consultation with the participation of a third party. The
validity of the research included in this analysis was evaluated using
the critical appraisal skills program techniques. In order to answer
the study question, the data was analyzed and critically assessed in a

descriptive manner.

2.4. Statistical analyss

Stata 17.0 and Review Manager 5.4 software were used to analyze
the data. The I° statistic and the X’ test will be used to analyze
statistical heterogeneity. If P>0.05, I’<50%, it is homogeneity of
several comparable studies, and a fixed effect model is used for
assessment; if P<0.05, I’>50%, it is heterogeneity of numerous
studies, and the random effect model will be used for further meta-
analysis. Simultaneously, a sensitivity analysis is used to assess
the findings’ robustness. Additionally, funnel plots will be used to
analyze possible reporting bias, and the Egger’ test will be used to
determine funnel plot asymmetry. The ratio (RR) was employed as

the combined statistic in this study.

3. Results

3.1. Data collection and analysis

A total of 914 relevant papers were searching in the eight databases.
There are 582 papers left after manually deleting the duplicate
documents by scanning the title and abstract. The complete
text is then read, and the literature is analyzed qualitatively and
quantitatively. Finally, 9 articles (one of which was written in
English)[8-16] were included (Figure 1). Detailed information of the

nine studied were presented in Table 1.

3.2. Overall detection rate of thalassemia

The researches evaluated the effects of NGS on the overall
detection rate of thalassemia[8-16]. The heterogeneity among studies
was large (’=94%, P<0.001). We further produced labbe (Figure
2A) and galbraith plots (Figure 2B), as well as performed sensitivity
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Figure 1. Flowchart for selection of studies.

Table 1. Characteristics of the studies.

Nexto - - Routi - -
First author Location of Number ext-generation sequencing outine genetic testing ety
and year SCEE stud Of a p- eiE Total & p- ez Total assessment
y Y samples thalassemia thalassemia thalassemia 0 thalassemia thalassemia thalassemia ot
Lun M, et al., Shandong, .
. 50 20 28 - 48 17 23 - 40 High
2021 China
Luo GX, et al., G dong,
1o DA, el ] Hangeons: 119 - : : 217 : ; : 168  High
2020 China
Ye JX, et al., Guangdong, .
[10] . 1036 74 20 6 100 28 11 2 41 High
2019 China
Wang K, ez al., Guangdong, .
[11] . 2858 691 254 - 945 506 246 - 752 High
2019 China
Yang YH, et al., Guizhou, .
[12] . 7866 583 254 31 868 437 - - 704 High
2018 China
He SZ, et al., Guangdong, .
[13] - 249 - - - 247 - - - 221 High
2018 China
Hel, et al., Yunnan, .
[14] . 951 290 99 82 471 73 79 57 209 High
2017 China
Y: L et al., G dong,
ang Q. et a [s) o anedong gy ; - - 28 - ; - 22 High
2017 China
Song CL, et al., Guangdong, .
[16] . 1368 313 210 - 523 303 196 - 499 High
2016 China

analysis (Figure 2C), which showed that when 3 study[10.14,16] was
omitted, /* dropped from 94% to 75% and a random-effect model
was conducted to analyze the data. The conclusion was RR 1.22,
95% CI 1.13-1.31 (Figure 3). The outcome indicated the detection
rate in NGS was 1.22 times higher than routine genetic testing, and
the miss rate of routine genetic testing is 22%. The difference was
statistically significant (Z=5.02, P<0.01). Using the Funnel and
Begg’s test to measure publication bias, it was revealed that none of
the included papers had publication bias (P=0.324, Figure 2D).

3.3. Detection rate of a—thalassemia

Six studies evaluated the effects of NGS on the detection rate of

a-thalassemia[8,10-12,14,16]. The heterogeneity among studies was
large (P=95%, P<0.01). We further produced labbe (Figure 4A) and
galbraith plots (Figure 4B), as well as performed sensitivity analysis
(Figure 4C), which showed that when 2 study[10,14] was omitted, Ia
dropped from 95% to 73% and a random-effect model was conducted
to analyze the data. The conclusion was: RR 1.24, 95% CI 1.07-1.44
(Figure 5). The outcome indicated the detection rate of a-thalassemia
in NGS was 1.24 times higher than routine genetic testing, and
the miss rate of routine genetic testing is 24%. The difference was
statistically significant (7=2.82, P=0.005). Using the Funnel and
Begg's test to measure publication bias, it was revealed that none of

the included papers had publication bias (P=0.677, Figure 4D).
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Figure 2. Meta-analysis of overall detection rate of thalassemia between next-generation sequencing and routine genetic testing group. (A) Labbe graph, (B)

Galbr test, (C) Sensitivity analysis, and (D) Funnel plot.
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Figure 3. Forest plot of overall detection rate of thalassemia between next-generation sequencing and routine genetic testing group.

3.4. Detection rate of B—thalassemia

Five articles evaluated the effects of NGS on the detection rate
of B-thalassemial8,10,11,14,16]. There was no heterogeneity among
studies (I°<50%, P=0.47), and a fixed-effect model was conducted
to analyze the data. The conclusion was: RR 1.10, 95% CI 0.99-
1.23 (Figure 6). The outcome indicated the detection rate of
[-thalassemia in next-generation sequencing was 1.10 times higher
than routine genetic testing, but the difference was not statistically
significant (Z=1.75, P=0.08). From a statistical standpoint, there was

no significant difference between NGS and routine genetic testing in

the screening of (3-thalassemia.

Begg’s test revealed probable publication bias among the included
studies (P=0.015, Figure 7A). We further performed trim-and-fill
analysis using the metatrim module in Stata. Before metatrim, the
pooled ES for the detection rate of (3-thalassemia was 1.10 (95% CI
0.99-1.23, P=0.47). After metatrim, two more papers were included
in the meta-analysis, and the pooled ES for the [3-thalassemia
detection rate was 1.07 (95% CI 0.96-1.18, P=0.22). Both the results
before and after metatrim are steady and not statistically significant,
indicating that publication bias in the current research is negligible
(Figure 7B).
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Figure 4. Meta-analysis of detection rate of a-thalassemia between next-generation sequencing and routine genetic testing group. (A) Labbe graph, (B)

Galbr test, (C) Sensitivity analysis, and (D) Funnel plot.
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4. Discussion

Depending on whether globin gene is mutated, thalassemia is
categorised as a-thalassemia or (3-thalassemia[17]. a-thalassemia
happens when the HBAI gene, the HBA2 gene, or their regulatory
regions in the a-globin gene cluster are deleted or changed in
some way[18]. [3-thalassemia globin gene abnormalities include
point mutations and deletions, with point mutations being the most
prevalent. Over 200 mutations in (3-globin genes have now been
found[19]. About 100000 babies are born with thalassemia each year
worldwide[20], so it is essential to implement premarital screening
interventions.

A classic regular process for thalassemia carrier screening detects
individuals with phenotypic features associated with thalassemia
utilizing hematological and biochemical tests, followed by molecular
genetic testing to establish definite diagnoses in these individuals[21].
Gap-PCR and RDB were used to investigate prevalent thalassemia
mutations. Gap-PCR was employed to screen for the four a-globin
gene deletions, while the RDB assay was used for the three frequent
non-deletional a-thalassemia mutations and the 17 known Chinese
[-thalassemia variants[22]. Currently, different tests are needed for a-
and [3-thalassemia, which makes the tests difficult, time-consuming,
and inconvenient. In recent years, however, significant advances
in sequencing technology and computational methodologies have
led to the development of next-generation sequencing technologies
that have substantially reduced the time and expense involved with
complete genome analysis[23]. The use of NGS in several clinical
labs has aided the diagnosis of new genetic variants and uncommon
anomalies|24].

A total of 9 articles involving 14 794 people were included in
this analysis. From the results obtained, two main characters can
be concluded: (1) In comparison with the routine genetic testing,
the NGS group presented to have higher detection rate in general,
particularly in the detection of a-thalassemia. (2) In the detection of
[-thalassemia, there was no significant difference between NGS and
routine genetic testing.

5. Limitations

The current study had some limitations. Due to the diversity of the

genetic testing methods involved in thalassemia, only Gap-PCR and
RDB were selected as the routine genetic testing group, which may
not be able to comprehensively cover and assess all genetic testing
techniques. The number of included studies was relatively small and
only 1 of the 9 articles were published in English.

Despite the fact that several studies have shown the excellent
accuracy of NGS in finding carriers, this is not readily replicable in
different populations, and the cost remains prohibitive, particularly
for endemic low-income nations. Also, another strategy was to utilize
a combination of NGS and Gap-PCR to find the common deletions
that account for 80% of the genetic causes of alpha-thalassemia. In a
research using 15 807 samples, Ahlem et al. reported that combining
NGS and Gap-PCR could discover 40 genomic variations,
including 11 uncommon and new variants, but combining RDB
and Gap-PCR could detect only three deletions and 20 kinds of
mutations[25]. In addition, using NGS-Gap-PCR, Mei et al. detected
65 thalassemia-carriers and related mutations that are undetectable
by conventional methods, containing the frequent -50 G>A mutation
and a number of uncommon mutations, such as the poly A (A—>G)
AATAAA—AATGAA, Hb Phnom Penh, and initiation codon (-T)
mutations, amongst 18309 neonates|26]. These data indicate that the
combination of NGS and Gap-PCR may efficiently discover novel
mutations and minimize the incidence of misdiagnosis. Combined
Gap-PCR and NGS approach is a cost-effective screening method
for thalassaemia carrier screening, notably for a-thalassaemia mutant
carriers[27].

6. Conclusions

In conclusion, research evidence supported NGS is superior to
routine genetic testing methods. Compared with routine genetic
testing, the NGS group presented to have higher detection rate in
general, particularly in the detection of a-thalassemia. But in the
detection of {3-thalassemia, there was no significant difference
between NGS and routine genetic testing.
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