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ABSTRACT
Background: Benefits of early Cystic Fibrosis (CF) detection using newborn screening (NBS) lead to widespread use in NBS programs. Since 2002, a two-stage immunoreactive trypsinogen (IRT/IRT) screening strategy has been used as CFNBS method in all public maternities in the City of Buenos Aires, Argentina. However, novel screening strategies may be more efficient. The aim of the study is to prospectively compare two CFNBS strategies, IRT/IRT and IRT/PAP (pancreatitis-associated protein).
Methods: A two-year prospective study was performed. IRT was measured in dried blood samples collected 48–72 hours after birth. When IRT value was abnormal, PAP was determined, and a second visit was scheduled to obtain another sample for IRT before 25 days of life. Newborns with a positive CFNBS were referred for confirmatory sweat test.
Results: There were 69,827 births in the City of Buenos Aires during the period studied; 918 (1.31%) had an abnormal IRT. A total of 207 children (22.5%) failed to return for the second IRT, but only two PAP (0.2%) were not performed.  IRT/IRT was more likely to lead to a referral for sweat testing than IRT/PAP (OR 2.3 [95% CI 1.8;2.9], p<0.001). Sensitivity, specificity, positive predictive value, and negative predictive value were: 80% and 100%, 86.5% and 82.6%, 4.04% and 4.2%, 99.84% and 100% for IRT/IRT and IRT/PAP strategies, respectively.
Conclusion: The IRT/PAP strategy is more sensitive than IRT/IRT; it avoids a second appointment and the need of unnecessary sweat testing, and decreases loss to follow up in our population.
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INTRODUCTION

CF is the most common autosomal recessive disease in the Caucasian population. The average life expectancy is approximately 44.4 years old in developed countries[endnoteRef:1], and less than 15 years old in low-income countries[endnoteRef:2],. Bacterial colonization from an early age leading to lower airway inflammation with subsequent chronic endobronchial infection and impaired mucociliary clearance are the most relevant factors determining the progressive decline of lung function[endnoteRef:3]. Ninety per cent of morbidity is due to progressive lung disease. Early prevention of respiratory complications is crucial for longer survival[endnoteRef:4]. Previous clinical research studies have demonstrated that children with CF have normal lung function at birth, but they suffer impairments characterized by airflow limitation, lung ventilation inequalities, and increase of airway resistance from 6 months old[endnoteRef:5]. It should be noted that these complications are not reversible, even in patients managed at dedicated CF centers,[endnoteRef:6] which suggests that early preventative interventions to preserve lung function avoid severe complications, mainly respiratory- and nutrition-related, should be the main objectives of treatment. [1:  Cystic Fibrosis Foundation Patient Registry 2018 Annual Data Report Bethesda, Maryland. ]  [2:  Macri, CN, et. al. Estudio Clínico Epidemiológico Latinoamericano de FQ. Rev Arch Arg Pediatr 1992; 90: 73-8.]  [3:  Armstrong DS, Hook SM, Jamsen KM, Nixon GM, Carzino R, Carlin JB, Robertson CF, Grimwood K. Lower airway inflammation in infants with cystic fibrosis detected by newborn screening. Pediatr Pulmonol 2005; 40:500–510.]  [4:  Tridello G, Castellani C, Meneghelli I, et al. Early diagnosis from newborn screening maximizes survival in severe cystic fibrosis. ERJ Open Res 2018; 4: 00109-2017.]  [5:  Linnane BM, Hall GL, Nolan G, Brennan S, Stick SM Sly PD, Robertson CF, Robinson PJ, Franklin PJ, Turner SW, Ranganathan SC. Lung Function in Infants with Cystic Fibrosis Diagnosed by Newborn Screening. Am J Respir Crit Care Med 2008; 178:1238–1244. ]  [6:  Ranganathan SC, Stocks J, Dezateux C, Bush A, Wade A, Carr S, Castle R, Dinwiddie R, Hoo AF, Lum S, et al. The evolution of airway function in early childhood following clinical diagnosis of cystic fibrosis. Am J Respir Crit Care Med 2004; 169:928–933. ] 

Early CF detection by newborn screening (NBS) has been shown to be beneficial, prompting its widespread use within NBS programs[endnoteRef:7], with significant success (e.g. 61.5% of newly diagnosed cases in United States were detected by NBS in 2018)1. In Argentina, according to the National Cystic Fibrosis Registry, newly diagnosed cases detected by NBS represented 69% of all CF patients in 2017[endnoteRef:8]. [7:  Southern KW, Mérelle MM, Dankert-Roelse JE, Nagelkerke AD. Newborn screening for cystic fibrosis Cochrane Database Syst Rev. 2009.]  [8:  http://www.anlis.gov.ar/iner/?page_id=2019.] 


Most CFNBS protocols are based on a combination of immunoreactive trypsinogen (IRT) measurement and genetic analysis using a CFTR mutation panel adapted to the target population[endnoteRef:9]. Previous studies have shown that the IRT/DNA protocol has good sensitivity and specificity and is currently the most commonly implemented strategy in most developed countries[endnoteRef:10]. However, there is disagreement around the inclusion of genetic analysis in the NBS algorithm. Detection of heterozygous carriers and clinically uncertain mutations, ethical and legislative aspects, as well as ethnic diversity in certain populations[endnoteRef:11], a common feature in most Latin American countries[endnoteRef:12], constitute the most relevant obstacles in the implementation of this methodology. All these limitations have led to the development of alternative biochemical protocols to avoid CFTR mutation analysis, specifically the use of sequential IRT measurements in samples obtained separated by 25 days (IRT/IRT), or IRT combined with pancreatitis-associated protein (PAP) as a second-tier analysis on the same blood sample obtained within 72 hours of birth (IRT/PAP)[endnoteRef:13]. A previous study demonstrated that the IRT/PAP strategy compared with IRT/IRT and IRT/DNA protocols was the most cost-effective method, and the study recommended its implementation as an CFNBS program[endnoteRef:14]. Many European and Latin American countries have begun to implement this strategy. [9:  Wilcken B, Wiley V. Newborn screening methods for cystic fibrosis. Paediatr Respir Rev 2003; 4:272-7. ]  [10:  Munck A, Dhondt JL, Sahler C, Roussey M. Implementation of the French nationwide cystic fibrosis newborn screening program. J Pediatr 2008; 153:228–33. ]  [11:  Ross LF. Newborn screening for cystic fibrosis: a lesson in public health disparities. J Pediatr 2008; 153:308–13.]  [12:  Pérez MM, Luna MC, Pivetta OH, Keyeux G. CFTR gene analysis in Latin American CF patients: heterogeneous origin and distribution of mutations across the continent. J Cyst Fibros. 2007 May;6(3):194-208.]  [13:  Sarles J, Berthezene P, Le Louarn C, Somma C, Perini JM, Catheline M, et al. Combining immunoreactive trypsinogen and pancreatitis-associated protein assays, a method of newborn screening for cystic fibrosis that avoids DNA analysis. J Pediatr 2005; 147:302–5.]  [14:  Nshimyumukiza L, Bois A, Daigneault P, Lands L, Laberge A-M, Fournier D, Duplantie J, Giguère Y, Gekas J, Gagné C, Rousseau F, Reinharz D. Cost effectiveness of newborn screening for cystic fibrosis: A simulation study. J Cyst Fibros 2014 May;13 (3): 267–274. ] 

The Ministry of Health of the City of Buenos Aires, Argentina has implemented an IRT/IRT CFNBS program across all of its maternity units since 2002[endnoteRef:15]. This NBS method involves the determination of IRT in blood samples collected from the heel of all newborns in those maternity units within 48–72 hours after birth. If results are abnormal (established cut-off value ≥60 ng/mL), a second sample is obtained for IRT determination before 25 days of life[endnoteRef:16]. When two tests are positive, the newborn is referred for sweat testing, and specialist evaluation. From December 2002 to December 2016, 473,940 babies were born, and 1783 (0.38%) had a first elevated IRT value. During this period, 51 children were diagnosed with CF, resulting in an incidence of 1/8170 live births in the City of Buenos Aires. Forty-one per cent of patients were homozygous for the F508del mutation. In the same period, a considerable number of patients did not return for the second determination of IRT, which led to an increase in sweat testing referrals. In order to optimize resources and reduce the number of second appointments, a 6-month pilot study was carried out with the aim of comparing IRT/IRT and IRT/PAP strategies. A total of 15,000 newborns were included from June to December 2011. Second visits were reduced by 16.8% with the IRT/PAP strategy compared with the IRT/IRT protocol. We concluded that a study with an increased number of cases was necessary to determine whether sensitivity and specificity of the CFNBS program would be affected.  [15:  http://www.buenosaires.gob.ar/salud/programasdesalud/salud-materno-infantil/red-de-neonatologia/programa-de-pesquisa-neonatal/marco-normativo ]  [16:  Sontag MK1, Hammond KB, Zielenski J, Wagener JS, Accurso FJ. Two-tiered immunoreactive trypsinogen-based newborn screening for cystic fibrosis in Colorado: screening efficacy and diagnostic outcomes. J Pediatr. 2005 Sep;147(3 Suppl): S83-8.] 


STUDY HYPOTHESIS
IRT/PAP strategy will reduce second visits of children, compared to IRT/IRT, without decreasing the effectiveness of the CFNBS program implemented in the City of Buenos Aires, Argentina.

OBJECTIVE
To compare the efficacy of the IRT/PAP strategy with the currently used IRT/IRT strategy.

PATIENTS AND METHODS
Study design
A prospective cohort study comparing the IRT/IRT and IRT/PAP protocols for the detection of children with a probable diagnosis of CF was performed from January 1, 2015 to September 30, 2017.

Participants
All newborns from the 12 public maternities and from the three pediatric hospitals in the City of Buenos Aires (Elizalde, Gutierrez, and Garrahan) were included. Patients with positive NBS were evaluated using the diagnostic criteria for CF of the NBS program, i.e. two positive sweat tests and/or two CFTR mutations, detected by molecular testing. PAP concentration was determined from the blood sample collected for the first IRT measurement, only in those children with evidence of an abnormal IRT level. Preterm children (gestational age <36 weeks) and those who presented non-CF lung disease, cardiac or neuromuscular disease were screened but excluded from the analysis.

Newborn screening program for CF
The CFNBS program is currently divided into three different levels of care. The first level is run by the 12 maternity units under the remit of the Government of the City of Buenos Aires, and three Children’s Hospitals (Elizalde, Gutierrez, and Garrahan). Neonatal units are responsible for collecting blood samples, sending them to the second level, and providing information to the parent(s) about the program and its scope. The second level includes four NBS laboratories across four hospitals (Durand, Gutierrez, Garrahan, and Ramos Mejia), which perform IRT determinations. PAP analyses were performed at the NBS Laboratory at Durand Hospital, and refer the positive results to the third level. The third level includes the Respiratory Center at Gutierrez Children’s Hospital, which is in charge of confirming the diagnosis using a sweat test, as well as the subsequent follow-up and treatment of patients. Children with two positive IRT or those who do not return for a second sample before 25 days of life are referred to the tertiary level center for sweat testing, 

IRT determination
Time-resolved immunofluorometric assay was used for the quantitative determination of human IRT in dried blood spot samples on a filter paper card (Delfia Neonatal IRT Kit, PerkinElmer, Wallac Oy, Turku, Finland). The cut-off value used in the NBS program of the City of Buenos Aires for this study was 50 ng/mL.

PAP determination
An Enzyme-Linked ImmunoSorbent Assay (ELISA), optimized to assay PAP in dried blood samples (MucoPAP kit, Dynabio SA, Luminy Biotech Entreprises, Marseille, France) was used. The cut-off values used were as follows: PAP >1.6 ng/mL (if RT 50–100 ng/mL), and PAP >0.5 ng/mL (if IRT >100 ng/mL)[endnoteRef:17]. [17:  Sarles J, Giorgi R, Berthézène P, Munck A, Cheillan D, Dagorn JC, Roussey M. Neonatal screening for cystic fibrosis: comparing the performances of IRT/DNA and IRT/PAP. J Cyst Fibros 2014 Jul;13(4):384-90. ] 



Sweat test
Sweat tests were performed according to the technique described by Gibson[endnoteRef:18].  A value greater than or equal to 60 mEq/L was considered positive, and a value lower than 30 mEq/L was considered negative. [18:  Legrys VA, Yankaskas JR, Quittell LM, Marshall BC, Mogayzel PJ., Jr Diagnostic sweat testing: The Cystic Fibrosis Foundation guidelines. J Pediatr. 2007 Jul; 151(1):85–9. ] 


Statistical analysis
Sensitivity and specificity of IRT/PAP and IRT/IRT strategies were analyzed in relation to the diagnostic gold standard method for CF (i.e. two positive sweat tests and/or the presence of homozygous mutation, detected by molecular genetic testing). Sensitivity, specificity, positive predictive value and negative predictive value were calculated for both techniques (IRT/IRT and IRT/PAP), using definitive diagnosis (yes or no) of CF as a reference value (for example, through the sweat test, or genetic testing). For all estimations, 95% confidence intervals were calculated. Statistical analysis was performed using statistical package R (version 3.3).

Permissions and ethical considerations
This study compared two CFNBS methods (IRT/PAP vs. the standard methodology IRT/IRT). After the initial routine determination of IRT, part of the sample with an abnormal IRT value was used to determine PAP. As the results of the last method were not used to make medical decisions, and the individual data was anonymized for analysis, the Ethics Committee of the Gutierrez Children’s Hospital waived the requirement for individual informed consent in this study.
The study protocol was approved by the Ethics Committee of Gutierrez Children’s Hospital (#14.27/2014).



RESULTS
From January 2015 to September 2017, there were 69,827 births in the City of Buenos Aires, and 918 of these children (1.31%) had an abnormal initial IRT. A total of 207 children (22.5%) failed to return for the second determination of IRT at 25 days post-partum, but only two samples of PAP (0.2%) were not measured (Figure 1). Of all the patients with a positive first IRT, 33.6% of those tested positive with the IRT/IRT strategy, and 18%  tested positive with the IRT/PAP strategy, and therefore were referred for sweat testing  (OR: 2.3 [95% CI 1.8; 2.9]; p<0.0001). The diagnostic yield of both strategies in relation to referral for sweat testing is shown in Tables 1, 2, and 3.
Seven patients with CF were diagnosed during this period. All had positive PAP, while one patient had a second negative IRT (i.e. IRT/IRT false negative), and two patients did not return for the second IRT measurement (i.e. IRT/IRT screening failures). Sensitivity, specificity, positive predictive value, and negative predictive values were as follows: 80% and 100%; 86.5% and 82.6%; 4.04% and 4.2%; 99.84% and 100% for IRT/IRT and IRT/PAP, respectively (Table 4). 
Due to the low number of patients diagnosed in this study, we performed an external validation with 8 patients with confirmed CF from another cohort. The mean value (SD) of the first and the second IRT, and PAP were: 146,57 ± 51 ng/mL and 215,68 ± 77 ng/mL, and 3,3 ± 2 ng/mL, respectively. All the patients had an abnormal PAP.



DISCUSSION
In this study of CFNBS, the IRT/PAP strategy was more sensitive than the IRT/IRT protocol, which if implemented widely, would lead both to elimination of the need for second visits and to an approximately 50% reduction in the number of children referred for sweat testing, without any measurable impact on the detection of CF patients. Thus, implementation of IRT/PAP could significantly reduce unnecessary testing with possibly large cost savings. 
NBS defines a public health program that provides preventive medicine in pre-symptomatic stages with the aim of reducing morbidity in children suffering from certain biochemical or genetic disorders[endnoteRef:19]. Initial experiences with CFNBS date back to the early 1970’s, with pioneering programs examining the albumin content of meconium. The elevation of IRT in neonates with CF and the possibility of measuring it in dried blood spots used to screen for other diseases, with a sensitivity of 100%, were described in 1979. In the following decade, Australia and some European countries introduced the determination of IRT levels in heel blood. In 1982, the first CFNBS program began in Colorado, USA[endnoteRef:20].  [19:  Allen DB, Farrell PM. Newborn screening: principles and practice. Adv Pediatr 1996; 43:231-270 (Review).]  [20:  Farrell PM Lai HJ, et al. Early diagnosis of cystic fibrosis through neonatal screening prevents severe malnutrition and improves long-term growth. Wisconsin Cystic Fibrosis Neonatal Screening Study Group. Pediatrics 2001 Jan; 107(1):1-13] 

A screening program is deemed adequate when it is able to identify the highest number of cases that may be severely affected, guarantee the least possible number of missed cases, detect the lowest number of non-affected carriers, consider ethnic diversity, and generate the least anxiety among families. The primary objectives of a program for early CF detection are to prevent and reduce the irreversible damage in the lungs, optimize nutrition, and improve quality of life. Different protocols and algorithms are used in CFNBS, and in order to select one, the objective of the program, demographic characteristics of the population, capacity of screening laboratories, and care, attention, and follow-up programs in each place should be taken into consideration[endnoteRef:21]. Nowadays, all diagnostic screening strategies include the IRT determination in a drop of dried blood as the first test. This is a sensitive assay, but requires a second method to increase specificity (i.e. IRT positive predictive value from day 2 to day 5 of life is 3–10%)[endnoteRef:22]. If the first IRT level is high, a second determination must be performed before 25 days of life, thus increasing the positive predictive value to approximately 50%. Children with two elevated IRT values must be referred for sweat testing to rule out or confirm the condition. Although this strategy presents an adequate diagnostic sensitivity and specificity, the requirement for a second sample is a disadvantage. This algorithm delays diagnosis, but possibly the biggest drawback is the non-attendance of the neonate to obtain the second sample. In our 15 years of experience in the City of Buenos Aires, approximately 20% of children with an initial high IRT level did not return for the second sample, prompting their referral for sweat testing. This observation was more common among more low income populations. [21:  Castellani C, Massie J, Sontag M, Southern KW. Newborn screening for cystic fibrosis. Lancet Respir Med. 2016 Aug;4(8):653-661.]  [22:  Travert G . Analysis of worldwide experience of neonatal screening for cystic fibrosis by measurement of blood immunoreactive trypsin. In: Travert G, ed. Mucoviscidoce: depistage neonatal et prise en charge precoce. Caen: CHRU de Caen. 1988; 1-23.] 

Identification of the CFTR gene enabled the inclusion of genetic analysis in the CFNBS algorithm[endnoteRef:23]. Molecular analysis is feasible in children with high levels of IRT, as long as it includes a panel of genes adequate for that population. This panel should include more than 98% of mutations in that region. Detection of a mutation responsible for the disease in its homozygous form confirms the diagnosis and allows the patient to be directly referred to tertiary centers for follow-up. If the patient has a heterozygous mutation, sweat testing should be performed in order to differentiate affected children from carriers. This strategy is called IRT/DNA. The advantages of this algorithm are its good sensitivity, it does not require a second sample, and reduces parent anxiety. The main drawbacks are its high cost[endnoteRef:24], and the detection of carriers whose management is not considered in most screening algorithms. Another disadvantage of genetic analysis as a screening strategy is the legal implications. In France, for example, laws on bioethics do not allow any DNA analysis to be performed without prior parental consent, which is declined in a low percentage of cases[endnoteRef:25]. Another problem with this strategy is its application in ethnically diverse populations. A study performed across 10 Latin American countries showed a wide distribution of 89 different mutations, and the identification of 63% of CF-related alleles, reflecting a significant heterogeneity of the population; for this reason, molecular diagnosis in Latin -American countries is inefficient12. Recently we conducted a retrospective study to analyze genetic variants in confirmed CF patients followed in our center (n = 164). By a panel of 29 mutations we have identified 2 alleles in 68% of the patients, and with Next Generation Sequencing and Multiplex Ligation dependent Probe Amplification in 86% of them (Unpublished data). [23:  Padoan R, Genoni S, Moretti E, Seia M, Giunta A, Corbetta C. Genetic and clinical features of false-negative infants in a neonatal screening programme for cystic fibrosis. Acta Paediatr 2002; 91:82–87.]  [24:  Scotet V, de Braekeleer M, Roussey M, Rault G, Parent P, Dagorne M, et al. Neonatal screening for cystic fibrosis in Brittany, France: assessment of 10 years` experience and impact on prenatal diagnosis. Lancet 2000 Sep2; 356(9232): 789-794. ]  [25:  Dhondt JL. Implementation of informed consent for a cystic fibrosis newborne screening program in France: low refusal rates for optional testing. J Pediatr 2005 Sep;147(3 Suppl): S106-S108. ] 

A more recent strategy is the determination of PAP in children with initial high IRT values13,[endnoteRef:26]. PAP measurement is performed on the same dry blood sample where IRT was determined. If PAP concentration is high, the child is directly referred for sweat testing. The IRT/PAP strategy is more specific, and it does not require molecular analyses, so it does not detect healthy carriers13,[endnoteRef:27]. PAP is a secretory pancreatic protein – it is absent in the blood if the pancreas is healthy – and its concentration is high in cases of pancreatic stress. High levels of PAP are detected in newborns with CF; it is more specific than IRT, and its levels correlate with the degree of pancreatic impairment. Weidler et al published a retrospective study[endnoteRef:28] from two European centers (Heidelberg and Prague). They observed that PAP values differed systematically between fluorometric and photometric assays, and in CF patients, IRT decreased while PAP values remained high over years. On the other hand, in newborns without CF, IRT decreased after birth over weeks, while PAP increased within days. In 2014, Sarles et al. published a study[endnoteRef:29], commissioned by the French government, where IRT/DNA and IRT/PAP strategies were compared in 553,167 newborns. The IRT/PAP strategy showed a similar detection rate for classic forms of CF, but a lower number for mild forms. In the Netherlands, van der Ploeg et al. performed a cost-effectiveness study to compare 4 different CFNBS strategies: IRT/PAP, IRT/DNA, IRT/DNA/Sequencing, and IRT/PAP/DNA/sequencing, each compared to non-screening[endnoteRef:30]. The authors concluded that CFNBS is an economically justifiable public health initiative. Among the 4 strategies, IRT/PAP was the most cost-effective method. These findings were also confirmed by studies carried out in France and Belgium[endnoteRef:31],[endnoteRef:32]. Germany has also adopted the IRT/PAP strategy as a CFNBS method, mainly owing to the prohibition of performing genetic studies in the German population. Sommerburg et al. published a paper on their 5 years of experience with this method, and compared the results with the IRT/DNA strategy used in southwest Germany[endnoteRef:33]. The positive predictive value of IRT/PAP was lower in their experience, but PAP had the advantage of a lower detection rate of healthy carriers and CF patients with equivocal results. Results from a large cohort of 330,000 newborns support the use of a purely biochemical IRT/PAP protocol as an acceptable alternative when genetic analyses are not feasible.  [26:  Sarles J, Barthellemy S, Férec C, Iovanna J, Roussey M, Farriaux JP, Toutain A, Berthelot J, Maurin N, Codet JP, Berthézène P, Dagorn JC. Blood concentrations of pancreatitis associated protein in neonates: relevance to neonatal screening for cystic fibrosis. Arch Dis Child Fetal Neonatal Ed. 1999 Mar;80(2): F118-F122]  [27:  Sommerburg O, Lindner M, Muckenthaler M, Kohlmueller D, Leible S, Feneberg R, Kulozik AE, Mall MA, Hoffmann GF. Initial evaluation of a biochemical cystic fibrosis newborn screening by sequential analysis of immunoreactive trypsinogen and pancreatitis-associated protein (IRT/PAP) as a strategy that does not involve DNA testing in a Northern European population. J Inherit Metab Dis. 2010 Oct;33(Suppl 2): S263-71]  [28:  Weidler S, Stopsack KH, Hammermann J, et al. A product of immunoreactive trypsinogen and pancreatitis-associated protein as second-tier strategy in cystic fibrosis newborn screening. J Cyst Fibros. 2016;15(6):752‐758.]  [29:  Sarles J, Giorgi R, Berthézène P, Munck A, Cheillan D, Dagorn JC, Roussey M. Neonatal screening for cystic fibrosis: comparing the performances of IRT/DNA and IRT/PAP. J Cyst Fibros. 2014 Jul;13(4):384-90.]  [30:  van der Ploeg CP, van den Akker-van Marle ME, Vernooij-van Langen AM, Elvers LH4, Gille JJ, Verkerk PH, Dankert-Roelse JE; CHOPIN study group. Cost-effectiveness of newborn screening for cystic fibrosis determined with real-life data. J Cyst Fibros. 2015 Mar;14(2):194-202. ]  [31:  Seror V, Cao C, Roussey M, Giorgi R. PAP assays in newborn screening for cystic fibrosis: a population-based cost-effectiveness study. J Med Screen. 2016;23(2):62‐69.]  [32:  Schmidt M, Werbrouck A, Verhaeghe N, et al. Strategies for newborn screening for cystic fibrosis: A systematic review of health economic evaluations. J Cyst Fibros. 2018;17(3):306‐315. ]  [33:  Sommerburg O, Hammermann J, Lindner M, Stahl M, Muckenthaler M, Kohlmueller D, Happich M, Kulozik AE, Stopsack M, Gahr M, Hoffmann GF, Mall MA. Five years of experience with biochemical cystic fibrosis newborn screening based on IRT/PAP in Germany. Pediatr Pulmonol. 2015 Jul;50(7):655-664.] 

As far as we know, there are no studies directly comparing IRT/IRT and IRT/PAP strategies. Only one study in the Czech Republic has compared IRT/DNA/IRT versus IRT/PAP, and IRT/PAP/DNA in a prospective and parallel manner[endnoteRef:34]. The authors concluded that the IRT/PAP/DNA strategy was the most suitable protocol in that population. During our 2-year prospective cohort study, 7 patients were diagnosed with CF. IRT/IRT strategy selected more patients for sweat testing than IRT/PAP, mainly due to missed follow-ups. However, CF diagnostic yield was in fact better for IRT/PAP, as 2 patients with CF did not return for the second IRT determination and a patient with a confirmed diagnosis had a second normal IRT value. We understand that the sample size may be small; for this reason, we performed an external validation with 8 CF-diagnosed patients from other cohorts. All had high PAP concentrations. From these results, we conclude that the IRT/PAP strategy was more sensitive and allowed to reduce second appointments compared with the IRT/IRT strategy, thus resulting in a decrease in the number of children who had to be referred for a sweat testing. It is interesting to highlight several elements: the IRT/PAP strategy shortens diagnostic times by avoiding a second appointment for sample collection and the diagnosis of healthy carriers who do not require genetic analyses. A rapid and accurate screening result has a positive impact on the family when diagnosis is ruled out. When diagnosis is confirmed, anxiety created by delays is avoided and early treatment measures may be implemented. [34:  Krulišová V1, Balaščaková M, Skalická V, Piskáčková T, Holubová A, Paděrová J, Křenková P, Dvořáková L, Zemková D, Kračmar P, Chovancová B, Vávrová V, Stambergová A, Votava F, Macek M Jr. Prospective and parallel assessments of cystic fibrosis newborn screening protocols in the Czech Republic: IRT/DNA/IRT versus IRT/PAP and IRT/PAP/DNA. Eur J Pediatr. 2012 May;171(8):1223-9.] 

[bookmark: _Hlk40985462][bookmark: _GoBack]The CFNBS program under the remit of the Government of the City of Buenos Aires Ministry of Health began in 2002. There are approximately 30,000 annual births in this city. Our study demonstrated that the IRT/PAP strategy has a similar effectiveness to that of the current algorithm, but its implementation decreases the number of second appointments. This reduces direct and indirect costs on the health system and families, which in turn also leads to a positive impact on several psychosocial aspects of the family. The Government of the City of Buenos Aires Ministry of Health approved the change in the CFNBS strategy in October 2017. At present, the IRT/IRT strategy is used in the rest of Argentina, but we hope that the National Ministry of Health considers the results of this study to evaluate a change in strategy across the entire country. Similar considerations must be qualified by the different Latin American countries due to the genetic heterogeneity of the population.
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