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ABSTRACT

Objective. The study was undertaken to determine if commercially bottled purified water can be used as 
substitute instrument feed water for three (3) newborn screening immunoassays. 

Methodology. A total of 294 control samples and 300 patient samples were included in this study. Accuracy 
and precision studies using control samples, and parallel testing using patient samples, were done to 
compare the use of clinical laboratory reagent water (CLRW) and commercially bottled purified water 
(CBPW) in the performance of automated time-resolved fluorescent immunoassay of thyroid stimulating 
hormone (TSH), 17α-OH-progesterone (17-OHP) and immunoreactive trypsinogen (IRT).

Results. The use of CBPW as instrument feed water for measurements of TSH, 17-OHP and IRT levels by 
automated time-resolved fluorescent immunoassay using AutoDELFIA (Perkin-Elmer) in NBS has an 
acceptable accuracy and precision compared to using CLRW. The parallel testing using patient samples 
showed that, overall, the performance of using CBPW in automated time-resolved fluorescent immunoassay 
for TSH, 17-OHP, and IRT is acceptable, compared with using CLRW as instrument feed water.

Conclusion. Commercially bottled purified water can be used as substitute when setting up a laboratory 
water purification system is too expensive for a laboratory, or as back up to clinical laboratory reagent 
water when there is breakdown of the installed water purification system to be used as instrument feed 
water in automated time-resolved fluorescent immunoassay of TSH, 17-OHP and IRT in NBS using AutoDELFIA 
(Perkin-Elmer).
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INTRODUCTION

The Newborn Screening Study Group (NSSG) first 
conceptualized newborn screening (NBS) in the 
Philippines in 1996. The initial objectives of the 
Philippine Newborn Screening Project (PNBSP) were to 
establish the incidence data of six metabolic conditions 
– congenital hypothyroidism (CH), congenital adrenal 
hyperplasia (CAH), galactosemia (GAL), phenylketonuria 
(PKU), homocystinuria (HCY), and glucose-6-phosphate 
dehydrogenase (G6PD) deficiency, and to make 
recommendations for the adoption of newborn screening 
nationwide.1 This project has been successful as a newborn 
screening bill was introduced and was signed into law in 
2004 as Republic Act 9288 or Newborn Screening Act 
of 2004. This law requires that every newborn must be 
given access to NBS by the attending or assisting health 
practitioner.2 Later on, there was discontinuation of 
screening for homocystinuria as a cost-cutting measure 
due to non-detection of cases, and inclusion of screening 
for maple syrup urine disease (MSUD) as part of the 
six basic screened disorders. Additional disorders were 
included in the expanded NBS (eNBS) in 2014. It included 
screening for cystic fibrosis (CF), biotinidase deficiency 
(BTND), hemoglobinopathies (HBP), amino acid 
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metabolism disorders (AAD), acylcarnitine metabolism 
disorders (ACD), fatty acid oxidation disorders (FAO), and 
urea cycle disorders (UCD).

NBS for primary CH is done through determining 
the TSH level on a dried blood spot (DBS).3 Infants 
with significantly elevated DBS TSH indicate risk for 
primary CH. An elevated serum TSH and a low serum 
FT4 confirm primary CH.4 The 17α-OH-progesterone 
(17-OHP), a precursor of cortisol, is increased in the 2 
most common types of CAH, i.e., 21- and 11β-hydroxylase 
deficiencies. Therefore, measuring the 17-OHP levels 
on DBS is a useful NBS method for the detection of 
CAH.5 Infants with moderate to severe elevation of 17-
OHP, and those who have mild elevation of 17-OHP and 
are low birth weight must undergo confirmatory tests 
with plasma 17-OHP, sodium, potassium, cortisol and 
glucose.4 Screening for CF entails for initial measurement 
of IRT levels on DBS. An elevated IRT level signifies 
an increased risk of CF. The neonate then undergoes 
confirmatory testing wither by sweat test for chloride or a 
DNA test for CFTR mutations.6 Since the initiation of the 
NBS in the Philippines, f luorescent immunoassay is the 
recommended laboratory method for NBS of CH, CAH, 
and CF.1,7-9 

Automated methods for detecting TSH and 17-OHP 
use solid phase time-resolved fluorescent immunoassay. 
Solid-phase methods utilize a washing step to separate 
the bound analyte, which is immobilized by the antibody 
attached to a solid support, from the unbound, which is 
washed away.10 The presence of analyte is then detected 
by labeled indicator reagents using different techniques.11 
The TSH and IRT assays are based on a direct sandwich 
technique where two monoclonal antibodies recognize 
separate antigenic determinants on the TSH molecule. 
The fluorescence signal is proportional to the TSH 
concentration in the sample.12 The 17-OHP assay, on 
the other hand, is based on the competitive binding of 
Europium-labeled 17-OHP, and 17-OHP in the sample 
to 17-OHP-specific antibodies. The fluorescence signal 
is inversely proportional to the 17-OHP concentration 
in the sample.13 Excess, unbound labeled indicator 
reagents will be washed by another washing step before 
instrument reading.

Clinical laboratory reagent water (CLRW) should be 
pure enough to satisfy the requirements of most clinical 
laboratory testing. CLRW must have resistivity ≥ 10 
MΩ.cm referenced to 25°C, total heterotrophic plate 
count <10 CFU/mL, total organic carbon <500 ng/g, 
and particulate content sizes of <0.22 μm. The CLRW 
are prepared though different available laboratory water 
purification systems. The automated method for time-
resolved fluorescent immunoassay utilizes this CLRW 
as instrument feed water for internal washing, rinsing 
and dilution. 

Commercially bottled purified water (CBPW) refers to 
water that is marketed for drinking.14 Manufacture of 
CBPWs is regulated by law and should follow standards 
prior to commercial release for consumption. The 
Department of Health Administrative Order 10 series 
of 2017 requires the following physico-chemical and 

microbiologic standards: CBPW must have resistivity 
≥0.2 MΩ.cm referenced to 25°C, total heterotrophic plate 
count <500 CFU/mL, and organic chemicals <0.0002 to 
1mg/L, depending on the particular organic chemicals. 
There is no specified standard for total organic carbon 
and particulate content sizes.15 

The objective of this study is to determine if CBPW, 
particularly Wilkins distilled water, can be used as 
substitute when setting up a laboratory water purification 
system is too expensive for a laboratory, or as back up to 
CLRW when there is breakdown of water purification 
systems, in the performance of automated time-resolved 
fluorescent immunoassay of TSH, 17-OHP, and IRT using 
AutoDELFIA (Perkin-Elmer) for NBS.

The study is limited to the evaluation of the above-
mentioned analytes. These are the only analytes 
measured by automated time-resolved fluorescent 
immunoassay using AutoDELFIA (Perkin-Elmer) in NBS 
in the Philippines. 

METHODOLOGY

A total of 294 control samples and 300 patient samples 
were included in this study. There were 61 low and 61 high 
TSH controls, 55 low and 55 high 17-OHP controls, 31 low 
and 31 high IRT controls, 100 TSH patient samples, 100 
17-OHP patient samples, and 100 IRT patient samples. A 
single analyst did the sample preparation and operation 
of the instrument to control for possible inter-analyst 
variability in technique. A single reagent kit lot was used 
to control for possible inter-lot variability in the chemical 
reactions. Finally, a single automated time-resolved 
fluorescent immunoassay instrument using AutoDELFIA 
(Perkin-Elmer) was used to control for possible inter-
machine variability in instrument performance. The 
type of water used, i.e. CLRW or CBPW (using Wilkins 
distilled water), was the experimental intervention for 
this study. 

There were two phases of the study; first is the accuracy 
and precision studies. The accuracy of using CBPW in 
measuring control samples was compared to the reference 
method, i.e., using CLRW as instrument feed water. Mean 
and deviation were the statistic used to evaluate accuracy. 
A deviation less than |10%| and/or t-test between 
two independent means with t < Criticalt indicates an 
acceptable accuracy. The precision of CBPW compared to 
the precision of the CLRW in measuring control samples. 
Standard deviation (SD) and Coefficient of variation 
(CV) were the statistic used to evaluate accuracy. A CV 
less than |10%| and/or F-test between two variances with 
F < CriticalF indicates an acceptable precision.

The second part of the study is the parallel testing using 
patient samples. Bland-Altman analysis, Passing Bablok 
regression, and kappa statistic are used to evaluate the 
performance of using CBPW compared to using CLRW 
as instrument feed water. A bias less than |10%|, slope of 
between 0.90 to 1.10, linearity of 0.975 to 1.000, and kappa 
greater than 0.90 indicates an acceptable comparable 
performance of using CBPW in automated time-resolved 
fluorescent immunoassay.
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RESULTS

Accuracy and Precision Studies
A total of 294 control samples were included in this phase. 
The results are summarized in Table 1. There were no 
significant mean differences in the measurements of the 
17-OHP, TSH, and IRT levels of low and high control 
samples between CLRW and CBPW (t < Criticalt ). The 
percent deviations of CBPW from CLRW were less than 
|10%| for all analytes and control levels. There was no 
significant difference in variances in the measurements of 
the 17-OHP, TSH, and IRT levels of low and high control 
samples between CLRW and CBPW (F < CriticalF ), and 
the CV of CBPW were less than |10%| for all analytes 
and control levels. This indicates that using CBPW as 
instrument feed water for measurements of the 17-
OHP, TSH, and IRT levels by automated time-resolved 
fluorescent immunoassay using AutoDELFIA (Perkin-
Elmer) in NBS has an acceptable accuracy and precision.

Parallel Testing of Patient Samples
A total of 300 patient samples were included in this phase. 
The results of Bland-Altman analysis and Passing Bablok 
regression analysis are summarized in Table 2. Generally, 
CBPW gives higher results than CLRW, with % bias less 
than |10%| for all analytes, and the slope and linearity 
are within 0.90 to 1.10 and 0.975 to 1.000, respectively. 

Evaluation of the Bland-Altman plot and Passing Bablok 
regression line (Figures 1-6) shows that values near the 
cut-off values for 17-OHP, TSH, and IRT are within the 
agreement limits, and are close to the best fitted line, 
respectively. This may indicate that using CBPW as an 
alternative to CLRW would not misclassify the result of 
the screening test. 

In NBS, it is the delineation of a positive versus a negative 
screen which is more critical than the actual quantitative 
value; therefore, the agreement in terms of kappa of the 
screening status of both methods is more significant 
to evaluate. Based on kappa statistic, there is a perfect 
level of agreement in the identification of positive screen 
between CBPW and CLRW (Tables 3-5).

The parallel testing showed that overall, the performance 
of using CBPW in automated time-resolved fluorescent 
immunoassay for TSH, 17-OHP, and IRT is acceptable, 
compared with using CLRW as instrument feed water.

DISCUSSION

Time-resolved fluorescent immunoassay is widely used 
for measurement of various hormones in biological 
specimens.16 As a solid-phase method, a washing 
step is needed in order to remove unbound analytes, 
and unbound labeled indicator reagents that may 
create background noise to the signal detected by the 
instrument.17 CLRW are used as instrument feed water in 
automated instruments for this purpose.14

Table 1. Evaluation of accuracy and precision of CBPW in comparison to CLRW as instrument feed water for measurements of the 
17-OHP, TSH, and IRT levels by automated time-resolved fluorescent immunoassay using AutoDELFIA (Perkin-Elmer) in NBS

Statistic CLRW CBPW CLRW CBPW
Control Level  Low High
17-OHP Count 29 32 29 32
	 Accuracy Mean 65.72 64.66 147.88 145.59

Deviation 1.62% 1.55%
t 0.8258 0.6156
Critical value t 2.0010 2.0010

 	 Precision SD 5.67 4.32 14.95 14.10
CV 8.63% 6.69% 10.11% 9.68%
F 1.7227 1.1242
Critical value F 1.8303 1.8303

TSH Count 24 31 24 31
	 Accuracy Mean 14.77 14.28 57.96 57.21

Deviation 3.32% 1.29%
t 1.4967 0.5551
Critical value t 2.0057 2.0057

	 Precision SD 1.05 1.31 5.23 4.76
CV 7.07% 9.19% 9.02% 8.33%
F 1.5566 1.2072
Critical value F 1.9605 1.8972

IRT Count 15 16 15 16
	 Accuracy Mean 58.26 60.08 91.48 94.96

Deviation -3.12% -3.80%
t -1.7439 -1.654
Critical value t 2.0452 2.0452

	 Precision SD 2.69 3.09 5.18 6.42
CV 4.62% 5.14% 5.66% 6.76%
F 1.3195 1.5361
Critical value F 2.4630 2.4630

Table 2. Parallel testing of CBPW and CLRW as instrument 
feed water for measurements of the 17-OHP, TSH, and IRT 
levels by automated time-resolved fluorescent immunoassay 
using AutoDELFIA (Perkin-Elmer) in NBS
Statistic   17-OHP           TSH IRT
Count 100            100 100
Bias 3.43%         8.73% 9.04%
Slope 0.9989        1.0481 1.0819
Linearity 0.9966        0.9983 0.9973
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Figure 1. Bland-Altman plot of CBPW and CLRW as instrument 
feed water for measurements of the 17-OHP levels by automated 
time-resolved fluorescent immunoassay using AutoDELFIA 
(Perkin-Elmer) in NBS. (Note: Red line indicates cut-off value).

Figure 4. Passing Bablok regression line of CBPW and CLRW 
as instrument feed water for measurements of the TSH levels 
by automated time-resolved fluorescent immunoassay using 
AutoDELFIA (Perkin-Elmer) in NBS. (Note: Red line indicates cut-
off value).

Figure 2. Passing Bablok regression line of CBPW and CLRW as 
instrument feed water for measurements of the 17-OHP levels 
by automated time-resolved fluorescent immunoassay using 
AutoDELFIA (Perkin-Elmer) in NBS. (Note: Red line indicates cut-
off value).

Figure 5. Bland-Altman plot of CBPW and CLRW as instrument 
feed water for measurements of the IRT levels by automated time-
resolved fluorescent immunoassay using AutoDELFIA (Perkin-
Elmer) in NBS. (Note: Red line indicates cut-off value).

Figure 3. Bland-Altman plot of CBPW and CLRW as instrument 
feed water for measurements of the TSH levels by automated 
time-resolved fluorescent immunoassay using AutoDELFIA 
(Perkin-Elmer) in NBS. (Note: Red line indicates cut-off value).

Figure 6. Passing Bablok regression line of CBPW and CLRW 
as instrument feed water for measurements of the IRT levels 
by automated time-resolved fluorescent immunoassay using 
AutoDELFIA (Perkin-Elmer) in NBS. (Note: Red line indicates cut-
off value).
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CBPW may have met the specifications for CLRW 
when it was bottled by the manufacturer, however, it 
is recommended that laboratories must validate that 
the bottled water is fit for its intended purpose in 
their setting.14

In this study, we have validated the use of CBPW, and 
have observed that it has no significant difference in the 
performance of automated time-resolved fluorescent 
immunoassay for TSH, 17-OHP, and IRT compared with 
using CLRW as instrument feed water.

CONCLUSION

Based on our findings, we conclude that CBPW can be 
used as substitute to CLRW as instrument feed water 
in automated time-resolved fluorescent immunoassay 
of TSH, 17-OHP, and IRT in NBS using AutoDELFIA 
(Perkin-Elmer).
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