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Summary

Capillary blood samples from three hundred healthy, full-term newborn
within 48 and 120 hours of delivery, were collected on filter paper for analysis
of thyroid-stimulating hormone (TSH). Blood was collected by pricking the
heel of the newborn and spotted and dried on filter paper cards. The samples
were analysed by immunoradiometric assay (IRMA) to determine the TSH
level.

Smne fifteen percent of a total 1928 deliveries at two hospitals during a
period of one year were included in the study. Male: female ratio was 1.1 :1.
There was no maternal history of thyroid disease. None of the babies had
any clinical feature of hypothyroidism. On analysis, TSH level ranged from
0.6-19.3 J.1U/mlwith a mean (SD) of7.19 (4.21) J.1U1ml.TSH assay from dried
filter paper blood spot is technically possible and is a cost-effective and reliable
method for a screening programme. This is the first time in Bangladesh that
this method has been successfully carried out.

Introduction

The prenatal andpostnatalperiods are critical
for braindevelopment, and thyroidhormones
play an important role in normal growth and
brain development in the first few years of
life.I-2Congenital hypothyroidism(CHT) is
probably themostcommonpreventablecause
of mental retardation with a reported
incidence of 1:2700 to 1:6900.1.2.4-7Early
detection and treatment of congenital
hypothyroidism are critical to prevent
irreversible brain damage.8It is not possible
to predict which pregnancy will produce an
affected infant as the disease is sporadic.The
clinical signs including feeding difficulties,

constipation, hypothermia, prolonged
jaundice, umbilicalherniaetc.are not specific
for the diagnosis of the disorder; as a result
clinical diagnosis is made in less than 10%of
affected infants before 2 months of age.9
Various methods have been used to screen

newborns forCHT, but in the majority of the
established centres dried filter paper blood
spots collected by heelprick are used to assay

either TSH or T/,9,1O

This study was designed to establish the
filter-paper method for TSH assay and to
examine the feasibility of this method in
newborns for screening congenital
hypothyroidism.

1&2. Deptt. of Paediatrics, BIRDEM, Dhaka, 3. Deptt. of Paediatrics, DMCH, Dhaka, 4. Chief Biochemist,
BIRDEM, Dhaka. *The study was conducted under BMRC fund.
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Materials and methods
Clinical methods

Three hundred newborns of both sexes

aged between 48 hours and 120 hours (2-5
days) delivered at Dhaka Medical College
Hospital and Azimpur Maternity Centre,
Dhaka during a period of one year from
January, 1994 were included in the study.
The seleCtioncriteria were - a) full term at
birth and b) physically well at the time of
blood collection. The data was recorded in a

predesigned questionnaire.

Capillary blood was collected from the
lateral side of the heel of the newborn after

proper aseptic precaution. The first drop of
adequate volume was allowed to form. A
filter paper card (Schleicher and Schuell's
filter paper # 903) on which a 5/8 inch
diameterandsamplenumberwerepreprinted,
was touched to the drop of blood gently at
the centre of the circle. The card was viewed

from the opposite side as blood saturated
the circle. 'Layering' the bloodand excessive
squeezing of the heel wereavoided. The card
was placed horizontally on a clean surface
away from sunlight and allowed to air-dry
for 6 hours at room temperature. Each
sample thus collected was placed in an
envelope and transported to the laboratory,
where it was stored at 2-8°C in a moisture-

proof environment until the assay was
performed.

The tests were carried out by IRMA using
the Immuchemtm Neonatal. TSH IRMA

Kit (ICN Biomedicals Inc. catalogue # 07-
294302) at Bangladesh Institute of Research
and Rehabilitationin Diabetes andEndocrine

Metabolis~ (BIRDEM) laboratory, Dhaka.
The assay was based on the method of
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Mengreli et al4and performed according to
manufacturer's instructions.

Reagents and equipment

a) Anti human-TSH coated tubes.

b) TSH standards - standards were made by
mixing human TSH (WHO 1streference
preparation 68/38) with blood from
euthyroid individuals at TSH
concentrations of 0, 2,4, 7.5, 15, 30 and
67 /lV/ml and spotting them on the same
type of filter paper (standards were
provided with the kit).

c) TSH controls .made on blood spots
containing low, medium and elevated
levels of human TSH (supplied with the
kit).

d) Wash diluent - aphosphobuffered saline
diluent in a 5X concentrated form which
was diluted with distilled wa.ter in 1:5

dilution prior to use.

e) Eluent buffer - aph<)sphobufferedsaline
preparation containing sodium azide.

f) Anti TSHl251 - a monoclonalantibody
against TSH labelled with 125I contained
in a phosphate buffered saline. Each 0.1
ml contained approximately 2,50,000
cpm at 75% counter efficiency.

g) Pipettes (100 and 200m\).

h) A 3/16 inch diameter paper punch.

i) Gamma counter.

Assay preparations

a) Allstandards,samples,controls,antibody
coated tubes, eluent buffers and anti

TSH1251 were brought to room
temperature prior to use.

28



Vol. 25, No.2

b) The required number of anti TSH tubes
were placed in a test tube rack and the
unused tubes were resealed in the plastic
bag along with the desiccant and
refrigerated.

Assay steps

a) One3/16inchdiameterdisc waspunched
from each standard, control and sample
spot into its respective coated tube.

b) 200 mlof eluent buffer was pipetted into
each tube.

c) 100 ml of anti TSH 1251was pipetted
into each of them and the rack was shaken

gently so that all discs remained within
the solution.

d) The tubes with rack were incubated at
room temperature for 15 minutes and
then gently shaken. They were then
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incubated at room temperature for further
18 hours.

e) The contents of the tubes were decanted

or aspirated Removing the discs.

f) The tubes were washed twice with the
wash diluent (diluted 1:5) to remove the
free anti TSH 125I.

g) The emptied tubes were counted in a
gamma counter for 1251 bound to the
tubes.

The standards, controls and samples all
were run in the same manner in each assay.
The protocol of the assay procedure in
shown below-

Calculations

a) The count of the bound radio-activity of
each tube was taken.

Protocol for TSH Assay Procedure
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Tube Description Volume of Volume of
No. eluent buffer anti TSH125I

() ()
I 2 U/ml 200 100
2 4 U/ml " "
3 7.5 U/ml " "
4 15 U/ml PUNCH " " INCUBATE ASPIRATE

& ADD 15MIN. OR
5 30 U/ml ONE3/16" " " AT ROOM DECANT

TEMP.
6 67 U/ml BLOOD " " GENTLY (REMOVING

SPOT SHAKE DISCS)
7 Control I DISCTO " " THEN 18

CORRESP- HOURS AT WASH
ONDING TWICE

COUNT
8 Control 2 TUBE " " ROOM

TEMP.
9 Control 3 " "

to Sample " "
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b) The bound count of the zero standard
was subtracted from each of the tube

counts. This yielded the corrected cpm
(cycles per minute).

c) The corrected cpm (y-axis) was plotted
against TSH standard concentrations
(x-axis).

d) Using a standard curve constructed
beforehand, the concentration of TSH
for each sample was calculated.

Quality control
With each assay, blood spot controls
containing a low, mediumand elevated levels
of human TSH supplied with the kit were
assayed as unknown. Their results were then
compared with the actual concentrations in
order to monitor the performance and
reliability of the assay.

Recall procedure
A recall procedure was designed to detect
cases of congenital hypothyroidism. TSH
values of 25 and 80 flU/ml were chosen as
cut-off points as described by Hulse et al.5
The flow diagram for recall procedure is
shown below-

Filter paper spot taken

I

/ InitialTiH Assay~

< 25 flU/ml 25-81fl~ flUlml

J
TSH reassay from original sample

/ I "-
<25 flUlml 25-80 flUlml >80 flUI

ml I

Normal *Serum sample for TSH

* Review clinical exam.

Flow Diagram for Recall Procedure in TSH
Assay
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Results

A total of 1928 mothers were admitted for

delivery during the study period. Some
fifteen per cent (300) of them were included

in thestudy.Among threehundred newborns,
70.3% were delivered normally and the rest
by caesarian section. Male: female ratio was

I.I :1and the age range was between 48 and
120 hours. Majority of them belonged to
lower and lower middle class families and

iodized salt was being taken by 66.3%
families. There was no family history of
thyroid disease including the mother. None
of the mothers had history of intake of
antithyroid drugs. There was no clinical
feature of hypothyroidism in any of the
babies.

Analysis of blood samples showed that the
level of TSH ranged from 06-19.3 flU/ml
with a mean (SD) of7.19 (4.21) (Table-I).
35.33% of the babies had level at or below 5

flU/ml and 18.66% had above 10 mU/ml.
Majority had TSH levels between 5.1-10.0

flU/ml.Nocaseofcongenitalhypothyroidism
was detected.

Table-I: Distribution of TSH level in the study

subjects (n=300)
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TSH level MeariISD No. of Percentage

flUlml (flU/mI) babies

Upto 5.0 2.87:t 1.27 106 35.33

5.1 - 10.0 7.83:t1.68 138 46.0

10.1-15.0 13.13:t1.73 48 16.0

15.1-20.0 17.58:t1.05 8 2.67
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Discussion

The mean (SD) TSH level in the present

study was 7.19 (4.21) /lV/ml. Other authors
have reported mean levelsof5.077, 8.511,9.112,
1 1.113and 1 1.9514/lV/ml in normal infants.
Desai et al14had found TSH values between

6 and 9 /lV/ml in majority which is compatible
with this study.

The study subjects selected were healthy full
term babies of 48-120 hours of age. The
lowest age was taken at 48 hours because of
wide, rapid physiologic variations of TSH
level before that age.12,15Healthy, term
newborn were selected because the TSH

level can be elevated in premature and/or
sick neonates.16,17

Screening programmes for CHT have used
samples from umbilical cord blood, venous
blood or dried filter paper blood spots
collected by heel prick. Though cord blood
is the earliest convenient sa~ple available
from an infant, it is not recommended for
TSH assay because of normal changes
which occur in TSH level shortly after
birth.15This results in a high recall rate.
Besides, liquid samples like cord or venous
blood are unfeasible for mass screening
because there is the possibility of
deterioration of sample during transport
where adequate facilities are not available.
The reasons for collecting filter paper
samples were that it is easy, any trained
person cando it, and samplescan becollected
at different centres and transported by post
to the central laboratories. The method is

also quite accurate.9

Though opinion differs on the use of T4or
TSH assay as the initial screening test for
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CHT, the latter appears to be most practical
as recommended in different studies.9,1O,IS,19

T4assay is a less expensive, rapid test and is
easier to perform20; pituitary (secondary)
and hypothalamic (tertiary) hypothyroidism
and congenital TBG (thyroid binding
globulin) deficiency can also be detected21,
and the age of the infant does nQtaffect
the test result.22Its disadvantages are that
its physiologic variations in preterm, low
birth weight and sick newborns can affect
screening results. The results must always
be confirmed by subsequent TSH
estimation20and false positive results and
hence the recall rate is high.1s-21On the other
hand, TSH assay is a time consuming and
more expensive test. Although secondary

and tertiary .hypothyr?idism and TBG
deficiency are missed with TSH testing, the
incidences of these disorders are very 10w.IS
Besides, the former two can be diagnosed by
other associated features of pituitary
deficiency, and TBG deficiency needs no
treatment.23The advantages of TSH assay
are that it is the most specific and
sensitive test for detection of primary
hypothyroidism1s,2oand has the lowest recall
ratelS,21.It is eventually used in the final
diagnosis of any case of CH'f21and infants
with compensated or mild hypothyroidism
can alsobe detected's. Therefore the ultimate

cost-benefit is in favour of TSH assay.

In the present study, 84.44% of deliveries
were missed. The reasons for this were - a)
the majority(73.1%)ofthe mothersdelivered
normally and a large number of them left
the hospital within 2 days (48 hours), before
the sample could be obtained, b) full-time
staff was not available for collection of
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samples from all the babies staying for 48
hours or more, c) exclusion of preterm and
sick neonates and d) refusal by some
parents to allow blood .collection. This can
be minimised if babies who left the hospital
before 48 hours of age would come within
one week to the nearest health centre and

samples can be collected and transported to
the central laboratory. Alternatively, to
provide maximum coverage cord blood
sample can be used, though the recall rate
and ultimate cost will be higher. However,
the aim of the study was to establish the
filter paper method and this has been
achieved.

The cut-off point of TSH level for reassayl
recall was set at 25 ~U/ml in this study as

suggested by Hulse et a15.This level was
supported by Price.24The 80 ~U/ml level

suggestive of CHT was also recommended
by Klein25and Walsh et al.20

Each assay in this study cost about Taka
three hundred (US$ 3) which will be
significantly reduced if carried out as an
accepted screening programme on a large
scale by the government and or private
sectors.

Conclusion

It is widely accepted that newborn screening
is effective in early detection of congenital
hypothyroidism.6.2o.23 Such screening

programme is essential for a country like
Bangladesh where prevalence of cretinism i"s
0.5% (I in 2oooi6, because the outcome of

infants' with early and late diagnosis is
tremendously different.
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Cord blood T4 followed by TSH
measurement, or cord blood TSH testing
alone is feasible for high density regional
population where whole blood transport is
not available. However, this method is not as

suitable for mass screening as the filter
paper method which allows easy transport.
Primary TSH screening is effective for
detection of CHT and has the lowest recall
rate. The introduction of the ELISA

technique has simplified the procedure, the
result is available more rapidly and is less

~

costly. If the cost-effectiveness of mass
screening for CHT is to be judged, then the
long term cost and social consequences of
a patient with CHT must be taken into
account. A newborn detected on mass

screening and treated will be, on the other

hand, another helping hand for the nation.
Motivation of the population particularly the
parents through mass media is the key to
<;uccessin promoting mass screening and
.1revention of this dreadful but quite

preventable condition.
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