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ABSTRACT

Introduction: Newborn screening (NBS) is a system of organized search in the entire neonatal population for specific
diseases. In Bosnia and Herzegovina, two diseases are included in NBS, congenital hypothyroidism (CH), and phenylke-
tonuria. The screening for CH is based on determination of thyroid stimulating hormone (TSH) levels in blood obtained
by heel prick method. The aim of this study is to evaluate the effectiveness of NBS program for CH based on TSH and
establish the mean age of diagnosis of CH.

Methods: TSH was measured by time - resolved fluoroimmunoassay (DELFIA Neonatal hTSH kit). The TSH cutoff value
was 9 uU/mL. Neonates with TSH < 9 uU/mL had a negative NBS result. Neonates with TSH = 9 uU/mL were recalled for
a confirmation test and thyroid hormones were determined from venous blood to establish diagnosis of CH.

Results: A total of 24,351 neonates were subjected to NBS in our institution. A total of 164 newborns with TSH = 9 uU/ml
were sent to additional testing (mean recall rate of 0.68%) at a mean age of 11.4 = 0.5 days of life. In this group, diag-
nosis of CH was confirmed in 22 neonates (13.41%). The mean rate of false positive results of NBS was 0.59%. The
incidence of CH in Sarajevo Canton ranged from 1/2477 in 2018 to 1/641 in 2020. The mean incidence of CH over a
5-year period was 1/1085, while the mean age at the time of diagnosis was 16.5 + 1.2 days.

Conclusion: The analysis of NBS on congenital hypothyroidism data showed the satisfactory recall and false positive rate
and indicated well selected TSH cutoff value. The mean age at the time of diagnosis assures early treatment and good
neurological outcome in neonates with CH.
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INTRODUCTION At present, based on the above criteria two diseases

Newborn screening (NBS) as a method appeared in the
1960s and is an example of secondary prevention. It means
carly detection of the disease in its preclinical or at very
early stage. The disease which candidates to be included in
neonatal screening should meet some public health con-
ditions: Reasonably high incidence, late clinical presenta-
tion, availability of treatment, and appropriate laboratory
test (1). Furthermore, ethical, medical, and economic
aspects should be considered.
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are included in the newborn screening in Bosnia and
Herzegovina (BiH) — congenital hypothyroidism (CH) and
phenylketonuria. There is a need to expand the program
on congenital adrenal hyperplasia and cystic fibrosis in near
future, especially since the same technology (time-resolved
fluoroimmunoassay) could be used (2).

CH is a deficiency of thyroid hormones at birth and was the
leading cause of mental retardation in the pre-screening era. It is
the most common congenital endocrine disorder. The incidence
of CH ranges from 1:2000 and 1:4000 and varies in different
geographical regions (3). In the last decades, there is a trend of
increasing incidence of CH, and the reported worldwide rate
is now ranging between 1:1,660 and 1:2,828 live births (4,5).

The neonatal screening programs for CH are based either
on a single determination of TSH or by simultaneous
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determination of TSH and free or total T4 in neonatal

blood samles taken by heel prick method (6,7).

At the beginning of NBS most centers were using higher
TSH cutoff values, ranging between 10 and 20 uU/mL.
Nowadays, there is a trend to use lower TSH cut-off values
to improve sensitivity of the test. There is a variation in
practice in different centers, and most of them use TSH
cutoff values between 5 and 10 WU/ml. We use TSH cutoff
point of 9 uU/mL (8,9).

The previous studies on incidence of CH in different
regions in BiH showed the incidence between 1 in 2445
and 1in 3957 (10,11).

Since the year 2012, there has been no recent data on inci-
dence of CH in neonates born in Federation of BiH, nor
any data from Sarajevo region.

Our aim was to evaluate the NBS program for CH based
on TSH, calculate basic epidemiological indicators for CH
and establish the mean age of diagnosis in all neonates
tested in Clinical Center University of Sarajevo.

METHODS

The sampling for NBS was done at the maternity wards
or at neonatal intensive care unit in two hospitals by edu-
cated healthcare workers. The blood samples were taken on
filter papers by heel prick method between 2 and 7" day
of life. The analysis of TSH value in collected dried blood
spots was performed at Biochemical Laboratory of Clinical
Center University of Sarajevo and TSH levels were deter-
mined by time-resolved fluoroimmunoassay (DELFIA
Neonatal h'TSH kit). If TSH was < 9 WU/mL, the neonates
were considered as negative. Neonates with TSH values
higher than 9 uU/mL were subjected to a confirmatory
venous blood sampling (confirmation test), in which the
values of TSH, free T4 or total T4, and T3 were analyzed
by Elecsys Thyroid Tests (Roche Diagnostics). The diagno-
sis was based on reference values of thyroid hormones in
neonatal age (Table 1). Study is approved by Ethical board
of Clinical center of Sarajevo University.

RESULTS

A total number of 24,351 neonates were screened in the
period 2016-2020. This was more than the total number
of live births in Sarajevo Canton (22,578) and resulted
from including neonates born outside of Sarajevo region

TABLE 1. Reference values of thyroid hormones in neonates and
infants (age<3 months) (17)

Analysis Units Age Reference value
Total T4 nmol/L <6 days 64.9-239
6 days—3 months 69.6-219
Total T3 nmol/L <6 days 1.12-4.43
6 days—3 months 1.23-4.22
TSH pIU/mL <6 days 0.70-9.00
6 days—3 months 0.72-11.0
Free T4 pmol/L <6 days 11.0-32.0
6 days—3 months 11.5-28.3
Free T3 pmol/L <6 days 2.7-97
6 days—3 months 3.0-9.3
Thyroglobulin ng/mL <6 days <307
6 days—3 months <228
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transferred to our institution as a tertiary level of care. The
neonates with TSH levels lower than 9 wU/ml on NBS
were considered negative for CH. A total of 164 neonates
(0.67%) had a positive result on the screening test (TSH 2 9
uU/mL) and were recalled for testing of thyroid hormones
in venous blood (confirmation test) (Table 2). The mean
age at the confirmation test was 11.4 + 0.5 days of life. CH
was confirmed in 22 out of 164 neonates (13.41%) who
were subjected to the confirmatory test (Figure 1.). As our
institution is a tertiary level health-care facility for pediat-
ric care, no cases were referred after hospital discharge for
suspicion on hypothyroidism, resulting in no false negative
results. The average incidence of CH in the studied popu-
lation of neonates was 1/1085 and ranged from 1/2,477 to
1/641 (Table 2).

Finally, 142 neonates were falsely positive on neonatal
screening, which gives the mean false positive rate of 0.58%
over a 5-year period. The mean age at the time of diagnosis

of CH was 16.5 = 1.2 days (Table 3).

DISCUSSION

Immediately after birth, there is a physiological elevation of
TSH due to the stress of the delivery and exposure to the
extrauterine environment. The neonatal serum TSH raises
up to 70 pU/ml within the 1+ 24 h of life, and then rapidly
drops to <10 WU/ml within the first 3 days of life (12).
This explains why the timing of the NBS is crucial. The
ideal time for NBS is 3-5 days of life. In neonates who
are screened too early, the recall and false positive may be
increased. The other factor which may influence the NBS
output data is TSH cutoff value. If TSH cutoff level is
lower, the sensitivity of the test is higher but also the false
positive and recall rate may rise (13). The appropriate cutoff
level of TSH is balancing between these two goals of NBS,
the high sensitivity and low recall and false positive rate.
The American Academy of Pediatrics (AAP) recommends
a recall rate of 0.05%. Worldwide reported recall rates are
ranging from 0.01% to 13.3% (14). This may result from
different screening strategies (use of T4 or TSH or both),
different days of sampling, laboratory techniques or differ-
ent recall criteria (14-16). Our recall rate of 0.67% is higher
than AAP recommended rate, but close to most reported
recall rates worldwide (14). The recorded false positive rate
of 0.58% was close to the lower limits of the worldwide
reported false positive rates ranging from 0.5 to 6% (14).
The average incidence of CH was higher than in previous
studies done in BiH, which corresponds to a worldwide
trend of increasing incidence of CH and environmental,
ethnic, and genetic factors should be considered. A study of

Mean value of
positive results
on screening test
(32.8)
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Tested positive on newbon screening (TSH>9mU/uL)

= Verified diagnosis of CH after screening test - Positive on a confirmation test

FIGURE 1. Suspect and confirmed cases of congenital hypothyroidism in
newborns from Sarajevo region over 5-year period
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TABLE 2. Results of NBS and confirmation tests
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Year Screened Positive screening Recall Verified False positive Incidence per Incidence,
newborns result (TSH>9uU/mL) Rate (%) diagnosis of CH rate (%) 1,000 newborns expressed as 1inn

2016 5025 24 0.48% 3 0.42% 0.60 1in 1.675
2017 5173 29 0.56% 4 0.48% 0.77 1in1.293
2018 4954 31 0.63% 2 0.59% 0.40 1in 2477
2019 4714 40 0.85% 6 0.72% 1.27 1in 786
2020 4485 40 0.89% 7 0.74% 1.56 1in 641
TABLE 3. Mean age at confirmation test and diagnosis of CH https://doi.org/10.3109/14767058.2012.714641
Year Mean age at Mean age at CH 5. Stroek K, Heijboer AC, Bouva MJ, van der Ploeg CP, Heijnen ML, Weijman G, et

f ) d di is (d al. Critical evaluation of the newborn screening for congenital hypothyroidism in the

confirmation test (days) iagnosis (days) Netherlands. Eur J Endocrinol 2020;183(3):265-273.
2016 12.0 18.6 hitps:/idoi.org/10.1530/EJE-19-1048
2017 1.2 16.8 6. Connelly KJ, Pierce MJ, Hanna C, LaFranchi SH. Detecting congenital central hypo-
2018 11.9 17 thyroidism by newborn screening: Difficulty in distinguishing from congenital thyrox-
2019 108 138 ine-binding globulin deficiency. Horm Res Paediatr 2017;88(5):331-338.
2020 1" '1 1 6‘4 https://doi.org/10.1159/000479367
’ ’ 7. Rashwan ZI, Khamis GM. Does mother scented simulated hand promote comfort,
Total 1.4 16.5 reduce pain, and distress among mechanically ventilated preterm neonates during
invasive procedures? J Health Sci 2021;11(3):160-7.
. . https://doi.org/10.17532/jhsci.2021.1402

much longer duration is needed to make a definite conclu- 8. Ford G, LaFranchi SH. Screening for congenital hypothyroidism: A worldwide view of

sion if this phenomenon was a reflection of a real change in
the incidence of CH or just a statistical deviation.

CONCLUSION

The main goal of NBS on CH is ensuring high sensitiv-
ity which guarantees early diagnosis and early treatment.
The sensitivity rises by lowering of TSH cutoff level, but
at the same time the recall and false positive rate could be
expected to raise. The false positive results cause unneces-
sary stress to the parents and increase costs of the NBS and
are often an argument against lowering TSH cutoff level.
Our analysis demonstrated the well selected TSH cutoff
value despite the difficulties caused by early discharge and
early sampling.

DECLARATION OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Almannai M, Marom R, Sutton VR. Newborn screening: A review of history, recent
advancements, and future perspectives in the era of next generation sequencing. Curr
Opin Pediatr 2016;28(6):694-9.

https://doi.org/10.1097/MOP.00000000000004 14

2. Groselj U, Tansek MZ, Smon A, Angelkova N, Anton D, Djordjevic M, et al. Newborn
screening in southeastern Europe. Mol Genet Metab 2014;113(1-2):42-45.

https://doi.org/10.1016/.ymgme.2014.07.020

3. Cherella CE, Wassner AJ. Congenital hypothyroidism: Insights into pathogenesis and
treatment. Int J Pediatr Endocrinol 2017;2017(1):11.

https://doi.org/10.1186/s13633-017-0051-0

4. Olivieri A, The ltalian Study Group for Congenital Hypothyroidism. Epidemiology of
congenital hypothyroidism: What can be deduced from the Italian registry of infants
with congenital hypothyroidism. J Matern Fetal Neonatal Med 2012;25(Supppl 5):7-9.

40

strategies. Best Pract Res Clin Endocrinol Metab 2014;28:175-87.
https://doi.org/10.1016/j.beem.2013.05.008

American Academy of Pediatrics. Update of newborn screening and therapy for con-
genital hypothyroidism. Pediatrics 2006;117(6):2290-2303.

https://doi.org/10.1542/peds.2006-0915

. Tahirovi¢ H, Toromanovi¢ A. Neonatal screening for congenital hypothyroidism in

the Federation of Bosnia and Herzegovina: Eight years’ experience. Eur J Pediatr
2009;168(5):629-631.

https://doi.org/10.1007/s00431-008-0801-3

. Egelji¢-Mihailovi¢ N, Rajkovaca Z. Newborn screening for congenital hypothyroidism

in Republika Srpska/Prevencija kongenitalnog hipotireoidizma u Republici Srpskoj.
Sestrin Z 2014;1(1):5.

https://doi.org/10.7251/SEZ0114005E

. Rastogi MV, LaFranchi SH. Congenital hypothyroidism. Orphanet J Rare Dis

2010;5(1):17.
https://doi.org/10.1186/1750-1172-5-17

. Korada SM, Pearce M, Platt MP, Avis E, Turner S, Wastell H, et al. Difficulties in select-

ing an appropriate neonatal thyroid stimulating hormone (TSH) screening threshold.
Arch Dis Child 2010;95(3):169-173.

https://doi.org/10.1136/adc.2008.147884

. Kuskonmaz $M, Yildiz S. Effect of iodinated contrast media on thyroid: A brief review.

J Health Sci 2016;6(1):12-5.
https://doi.org/10.17532/jhsci.2016.278

. Corbetta C, Weber G, Cortinovis F, Calebiro D, Passoni A, Vigone MC, et al. A 7-year

experience with low blood TSH cutoff levels for neonatal screening reveals an
unsuspected frequency of congenital hypothyroidism (CH). Clin Endocrinol (Oxf)
2009;71(5):739-45.

https://doi.org/10.1111/j.1365-2265.2009.03568.x

. ChiesaA, Prieto L, Mendez V, Papendieck P, de Calcagno ML, Grufieiro-Papendieck L.

Prevalence and etiology of congenital hypothyroidism detected through an argentine
neonatal screening program (1997-2010). Horm Res Paediatr. 2013;80(3):185-192.

https://doi.org/10.1159/000354409

. Kratzsch J, Schubert G, Pulzer F, Pfaeffle R, Koerner A, Dietz A, et al. Reference

Intervals for Children and Adults (TSH, FT4, FT3, T4, T3, T-uptake, FT4-index, Anti-
TPO, Anti-Tg, Tg) Elecsys and Cobas e Analyzers. Vol. 52. Roche Diagnostics GmbH;
2009. Available from: http://193.191.178.147/Mithras/Analyses.nsflecbed47964dbd-
5b9c1256cc6003eb951/9239e9f7863¢35¢cec1256¢220029b5ed/$F ILE/Reference%20
Ranges%20Thyroid_6_en_1145213.pd [Last accessed on 2021 Dec 10].


https://www.jhsci.ba
https://www.jhsci.ba

