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PREFACE 

  

 

 

The first Newborn Screening Manual of Operations was prepared in 1996 by the 
original set of newborn screening coordinators. It covered advocacy, sample 
collection and submission, recall of patients and referral to the corresponding 
specialists for management.  There were several editions from 1996 to 2004. With 
the passage of Republic Act 9288 or the Newborn Screening Act or 2004, a more 
comprehensive Newborn Screening Manual of Operations was published in 2004 
as the definitive book on newborn screening implementation. 

In the fifteen years of implementation of the law, the newborn screening program 
has continually offered quality services to Filipino newborns. All changes in the 
program implementation are integrated in this revised edition including expanded 
newborn screening. The reconfigured 2016-2025 Strategic Plan of the Department 
of Health (DOH) and 2017 – 2030 Strategic Framework  have been incorporated 
in this manual. 

This revised edition serves as a working guide to newborn screening 
implementation. It provides program implementers in the national, regional and 
local level the answers to the following questions: 

 How does one implement newborn screening and make it work smoothly? 
 How do we ensure that NBS is done properly and promptly in all regions 

of the Philippines? 
 How do we make supplies available in a timely and efficient manner? 
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 How can we provide better management for positive screens, recall, 
confirmatory tests, and referral to specialists? 

 How and when do we do evaluation and monitoring of newborn screening 
at NBS facilities? 

 How can we ensure quality implementation of newborn screening 
nationwide? 

 

NEW TO THIS EDITION are the following topics: 

 panel of expanded newborn screening with fact sheets;  
 guideline on the management of patients found positive in any of the 

disorders in the newborn screening panel to ensure that they live to grow 
normally; 

 long term follow-up and the role of NBS continuity clinics; 
 section on the storage, retention and usage of dried blood spots is also 

included; and 
 special considerations: sick, premature and low birth weight. 
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INTRODUCTION 
 

Brief History of Newborn Screening in the Philippines 

Newborn screening (NBS) is an essential public health strategy that enables the 
early detection and management of several congenital metabolic disorders, which 
if left untreated, may lead to mental retardation and/or death. It has been an 
integral part of routine newborn care in most developed countries for decades, 
either as a health directive or mandated by law.  Early diagnosis and treatment of 
the disorders can result in normal growth and development of the affected 
individual. 

NBS in the Philippines began in 1996, when a group of pediatricians and 
obstetricians initiated the Philippine Newborn Screening Project in 24 pilot 
hospitals in Metro Manila. The group conducted the research with the following 
objectives: a) to determine the local incidence of congenital hypothyroidism (CH), 
congenital adrenal hyperplasia (CAH), phenylketonuria (PKU), galactosemia 
(Gal) and homocystinuria (HCY); and b) to make recommendations for 
nationwide implementation of newborn screening.   In aid of the study, samples 
were sent daily from June 1996 to the Newborn Screening Laboratory of New 
South Wales, Australia up until the establishment of a laboratory in September 
1997 at the National Institutes of Health, University of the Philippines Manila, 
which is now known as NSCNIH. 

The study results showed the following incidences: CH-1:3,839, CAH-1:9,485, 
PKU-1:53,748, GAL-1:80,622. Since no case of HCY was detected, it was 
replaced with Glucose-6-Phosphate Dehydrogenase (G6PD) Deficiency in the 
NBS panel of disorders in 2000.  Given these data, the group recommended to the 
Department of Health (DOH) the adoption of NBS as one of the priority programs 
for newborn care and to work for the nationwide implementation of the screening 
program. 
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In 1999, in accordance with its mandate and thrust of ensuring quality of life for 
all Filipinos, DOH included newborn screening in their Child Health 2025 
framework.  An inter-agency task force was created to design a plan for the 
nationwide implementation of NBS.  Representatives from different regions were 
designated as regional coordinators and trained in September 1999 to disseminate 
and initiate NBS at the regional level. 

In January 2000, DOH issued Administrative Order 1-A s 2000 entitled “Policies 
on the Nationwide Implementation of Newborn Screening” (see Annex 1).  It 
outlined the guidelines for the implementation of NBS. In February 2001, the 
DOH created an inter-agency National Technical Working Group on Newborn 
Screening (NTWG-NBS).  The group was tasked to provide national direction and 
guidance in the attainment of the project goals stipulated in the DOH 
Administrative Order 1-A s 2000. 

In June 2001, a strategic planning workshop on NBS was conducted and 
participated in by representatives from selected DOH-Centers for Health 
Development (CHDs), NBS implementers of participating institutions (private 
hospitals, DOH-retained hospitals, Rural Health Units [RHUs] and LGU 
Hospitals) and some stakeholders. 

As part of the advocacy strategy, in January 2004 Presidential Proclamation No. 
540 (see Annex 2) was issued declaring the 1st week of October of each year as 
“National Newborn Screening Awareness Week.”  

Despite extensive efforts by both the government and private sectors, the coverage 
of screened newborns remained low at 3% of the newborn population. Thus, in 
April 7, 2004, Republic Act 9288 otherwise known as the Newborn Screening Act 
of 2004 was enacted to institutionalize NBS in the country. It established a 
National Comprehensive Newborn Screening System (NCNBSS) to ensure an 
integrative and sustainable implementation of the NBS. See Annex 3: Republic 
Act 9288. 

The Implementing Rules and Regulation of RA 9288 was signed in October 5, 
2004 along with the Memorandum of Agreement between the DOH and the 
National Institutes of Health (NIH) for the creation of the Newborn Screening 

https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/AO1As2000.pdf
https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/AO1As2000.pdf
https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/Presidential%20Proclamation%20No.%20540.pdf
https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/Presidential%20Proclamation%20No.%20540.pdf
https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/RA9288.pdf
https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/IRR.pdf
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Reference Center (NSRC). The NSRC was envisioned to provide technical 
assistance to the DOH in implementing NBS in the country.  

Since the passage of the law and the signing of the IRR, several policy 
developments supported the successful implementation of RA 9288. See Annex 
4: Implementing Rules and Regulation of RA 9288. 

2006 

- Inclusion of NBS in the DOH licensing requirement for health facilities 
was started in 2006. 

- Inclusion of NBS as part of the Newborn Care Package of Philippine 
Health Insurance Corporation (PhilHealth) covering 90 percent of the fee 
in December 2006 and increased to 100 percent in September 2011. See 
Annex 5 on Philhealth Circulars from 2006 - 2011. 

- Establishment and accreditation of additional Newborn Screening 
Centers (NSCs) equipped with a NBS laboratory and recall/follow up 
program starting with West Visayas State University Medical Center for 
(2006); Southern Philippines Medical Center (2009); Angeles University 
Foundation Medical Center for Central (2010); Daniel O Mercado 
Medical Center (2013); Mariano Marcos Memorial Medical Center 
(2017) and Eversley Child Sanitarium and General Hospital (2020). 

2007 

- Offering of scholarships for fellowship in Clinical Genetics and Pediatric 
Endocrinology. 

2008 

- Appointment of Expert Committees that would regularly participate in 
the review of datasets, cut-offs, treatment and management protocols of 
the different NBS disorders among others.   
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2009 

- Participation in External Quality Assurance (EQA) Program for the 
G6PD Deficiency Confirmatory test was established in partnership with 
the International QA Program of Preventive Medicine Foundation in 
Taiwan. This is in addition to the existing external quality control and 
proficiency testing for thyroid stimulating hormone (TSH), 21 – α-
hydroxylase (17OHP), total galactose, phenylalanine (PHE), which is in 
collaboration with the Center for Disease Prevention and Control (CDC) 
in Atlanta, Georgia. EQA for Leu was included in 2012. ENBS was 
included in 2015. 

- Setting up of confirmatory testing centers for G6PD Deficiency. Tertiary 
hospitals were identified in the different parts of the Philippines which 
were equipped and were willing to integrate G6PD enzyme assay as one 
of their services. By end of 2018, there are 26 G6PD Confirmatory 
Centers in the country. Confirmatory reference laboratories for the other 
disorders such as the metabolic and hemoglobinopathies were identified 
in 2014.  

2011 

- Offering of scholarships for Genetic Counselors 

2012 

- Inclusion of Maple Syrup Urine Disease (MSUD) in the NBS panel with 
the approval by the Advisory Committee on Newborn Screening 
(ACNBS). 

2014 

- Establishment of regional NBS Continuity Clinics (NBSCCs) for long 
term follow-up of patients with confirmed diagnosis in different regions 
in the country with 14 clinics by end of 2015. 

- Offering of expanded newborn screening (ENBS) by December 2014 
increasing the NBS panel from 6 to 28 conditions. 
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2018 

- Addition of argininosuccinic aciduria (ASA) with the approval by the 
Advisory Committee on Newborn Screening (ACNBS) upon the 
recommendation of the DOH National Technical Working Group on 
Newborn Screening (DOH NTWG-NBS) 

2019 

- PhilHealth coverage of ENBS under the Newborn Care Package effective 
January 5, 2019 as guided by PhilHealth Circular No. 2018-0021 (see 
Annex 6). 

- Full implementation of ENBS where all infants born in accredited 
facilities shall be tested in ENBS only beginning May 1, 2019 as guided 
by Administrative Order 2014-0045-A (see Annex 7). 

2020 

- Inclusion of Center for Human Genetics Services in the Revised 
Guidelines on the Implementation of the Expanded Newborn Screening  
(See Annex 8).  

See Annex 9: NBS Milestones 1996-2020 

Vision, Mission, Goal and Strategic Directions 

Vision 

The National Comprehensive Newborn Screening System shares the vision of the 
Child 2025 Planning Framework aiming that by 2025, every Filipino child will 
be: 

 Born healthy and well, with an inherent right to life, endowed with human 
dignity; and 

https://www.philhealth.gov.ph/circulars/2018/circ2018-0021.pdf
https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/AO-2014-0045-A.pdf
https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/AO-2020-0052.pdf
https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/AO-2020-0052.pdf
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 Reaching her/his full potential with the right opportunities and accessible 
resources. 

Mission 

To ensure that all Filipino children will have access to and will avail of total 
quality care for the optimal growth and development of their full potential. 

 
Goal 

By year 2025, all Filipino newborns are screened for the more common and life-
threatening congenital endocrine and metabolic disorders. 

Strategic Directions 1 

The implementation of NBS is phased, ensuring a balance of activities in each of 
the six (6) elements of the NBS system, namely: (a) health facility involvement; 
(b) operations, systems development, networking; (c) service delivery package; 
(d) advocacy; (e) finance; (f) promotions. 

Phase 1: Foundation Laying and Accelerated Implementation   

This phase focused on developing model hospitals and RHUs, alliance building, 
national policy and legislation, capacity/capability building and creating the 
supportive environment to pave the way for smooth implementation of the 
program.   This phase signalled the start of tri-media promotion to increase 
awareness and demand for NBS; and mainstream of all elements of the NBS 
system through integration into the existing maternal and child health service 
package. 

 

 

 
1 A new strategic direction was released on 2017.  See Figure 1.  
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Phase 2: Expansion  

This phase ensured involvement of all DOH Retained Hospitals, RHUs and 
birthing homes; increase capacity by establishing more screening laboratories and 
confirmatory laboratories and integrating newborn screening in health education.  

Phase 3: Expansion and Sustained Implementation 

With sustained promotion, NBS was offered to all other birthing homes and lying-
ins. To monitor long term outcome of patients, this phase ensures availability of 
services of specialists to include geneticists, pediatric endocrinologists, and 
genetic counselors. Strengthening of Treatment Network will also be a focus on 
this phase.  

  

Figure 1. The National Comprehensive Newborn Screening System Strategic Direction. 
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The DOH strategic framework ending 2030 was released in 2018. See Annex 10: 
AO No. 2018 – 0025 National Policy and Strategic Framework for ENBS for 2017 
– 2030. 

 

 

 

 

 

 

 

 

  

https://www.newbornscreening.ph/images/stories/ResourcesDOHPolicies/AO%20No.%202018-0025.pdf
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Organizational Framework 

The DOH is the lead agency, providing the overall direction and guidelines for 
implementing the NCNBSS at the national and local level.  The National Institutes 
of Health- University of the Philippines, Manila, as a partner, serves as the 
technical arm.  A multi-sectoral advisory committee ensures a participative 
decision making for the smooth flow of NBS operations. 

As stipulated in RA 9288, the ACNBS is created to ensure sustained inter-agency 
collaboration. It is the advisory body to the Office of the Secretary of the DOH in 
terms of policy and program directions. It reviews and approves recommendations 
of the NTWG-NBS.  

National Level 

The prime responsibility of the national level institutions is to ensure that 
appropriate policies, standards, logistics and technical assistance are available to 
all implementing units. The structure and operations at the national level must be 
supportive and responsive to the ever-changing demands of service delivery at 
each peripheral unit. See Annex 11: NCNBSS Functional Chart. The following 
institutions/units and bodies are the primary movers:  

A. Disease Prevention and Control Bureau (DPCB)  

The DPCB through its Child Health Development Division oversees the 
operations and nationwide implementation of the NCNBSS. It has the 
following functions: 

1. Serves as the lead office for the newborn screening program and 
coordinates activities and programs in pursuit of the objectives of 
DOH. It spearheads the continuous organization of the NTWG on 
NBS until such group has fully implemented and institutionalized all 
the necessary components of the NCNBSS; 

2. Provides technical assistance to DOH-CHDs/DOH Bangsamoro 
Autonomous Region of Muslim Mindanao (DOH-BARMM) relative 
to NBSs and establishes coordination with other stakeholders in 
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planning, development of materials, monitoring and evaluation for 
NBS;  

3. Provides venues for developing innovative approaches and models of 
implementation in partnership with other cooperating agencies; 

4. Advocates for the adoption of NBS among public and private 
institutions and practitioners;  

5. Monitors and evaluates the field implementation of NBS; and 
6. Chairs the NTWG-NBS. 

B. National Technical Working Group Newborn Screening (NTWG- 
NBS) 

The main role of this body is to set the goals of the program for long-term 
and medium-term target-setting and planning. It ensures that all policies, 
guidelines and standards of the program adhere to overall internationally 
accepted standards and ethical considerations. Specifically, it has the 
following functions: 

1. Develops/reviews policies, standards and guidelines on NBS for 
recommendations and approval of the ACNBS; 

2. Recommends the disorders to be included in the NBS panel; 
3. Reviews and recommends the NBS fee to be charged by the NSC; 
4. Develops/reviews strategies and tools that ensure effective and 

efficient implementation of NBS at various levels; 
5. Formulates national program/project plan, proposals and 

collaborative studies on NBS;  
6. Reviews the report of the NSRC on the performance of the NSCs and 

recommend corrective measures as deemed necessary; and 
7. Meets quarterly or may schedule supplementary meetings depending 

on the demand of the tasks. The Health Secretary, through a DOH 
issuance, appoints its members, as selected and recommended by 
DCPB and NIH. 
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C. National Institutes of Health (NIH) 

NIH under the University of the Philippines Manila serves as the technical 
partner of DOH in ensuring the quality of service and sustainability of the 
NCNBSS.   It performs this function through the NSRC. 

D. Newborn Screening Reference Center (NSRC)   

The NSRC is the central facility based at the NIH and acts as the 
secretariat of the ACNBS. It has the following specific functions: 

1. Responsible for training, technical assistance and continuing 
education for laboratory staff in all NSCs. It acts as the principal 
repository of technical information relating to standards and 
practices. It assists in training activities in all aspects of the NBS 
program. It oversees content of educational materials in coordination 
and approval from the DOH Health Promotion and Communication 
Services (DOH HPCS); 

2. Defines the testing and follow-up protocols for NSCs; 
3. Maintains an external laboratory proficiency-testing and certification 

program; 
4. Oversees the national testing database and case registries. It submits 

reports semi-annually or more frequently as the need arises to the 
ACNBS and to the DOH on the status of and relevant health 
information derived from the database. It shall also prepare a plan for 
long-term outcome evaluation of NBS utilizing the case registries; 

5. Reports to the DOH the NSCs found violating the Implementing 
Rules and Regulations of RA 9288 and those performing and 
providing NBS procedures and services without any DOH 
Accreditation; 

6. Recommends establishment of NSCs. Participates in consultation and 
evaluation activities initiated by Health Facility and Services 
Regulatory Bureau (HFSRB) in relation to the NSRC and the NSCs 
performance and in improving implementation of the IRR of RA 
9288; 
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7. Collects from the NSCs the monthly 4% of the NBS fees earmarked 
for DOH-CHDs or its future equivalent and transfers the said portion; 
and 

8. Observes strictly the compliance of newborn screening facilities 
(NSFs) to quality standard NBS procedures. 

For the purpose of program evaluation and monitoring, the NSRC 
maintains a database of all patients tested, and a registry for each 
condition that is submitted to DOH annually. 

In terms of implementation of the NBSCCs, it has the following specific 
functions: 

1. Oversees the implementation of activities of newborn screening 
continuity clinics and birth defects continuity clinics;  

2. Secures monthly, quarterly and yearly reports from participating units 
and ensure their timely dissemination to various program 
stakeholders; 

3. Participates in consultation and evaluation activities initiated by the 
DOH in relation to the NBSCCs and birth defects continuity clinics’ 
performance and in improving of rules and regulations; and 

4. Assists in the training activities of the program. 

E. Epidemiology Bureau (EB) 

The EB in collaboration with the regional/ provincial epidemiology units 
is responsible for developing a surveillance system for heritable 
conditions. It establishes a registry of cases linked with the NIH as the 
central registry center, and the RHUs as the base registry units. 

F. Health Facilities Services and Regulatory Bureau (HFSRB) 

The HFSRB, in collaboration with NIH, is responsible for regulating 
health facilities performing NBS procedures through: 

1. Inclusion in the licensing/licensing renewal requirements for 
hospitals and birthing facilities; 
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2. Accreditation procedures and monitoring for compliance and quality 
assurance; 

3. Development of needed rules and regulations pertaining to the 
regulation of the same; and   

4. Monitoring and evaluation of the NSCs.  

G. Health Facility Development Bureau (HFDB) 

The HFDB participates in providing technical assistance and leadership 
for the continuous effective and efficient implementation of NBS in 
hospitals in coordination with the DOH-CHDs/DOH BARMM. It also 
encourages hospitals to participate in the monitoring, research and 
development efforts that will be pursued and initiated by concerned 
stakeholders and the NIH. 

H. Health Promotion and Communication Services (HPCS) 

The HPCS acts as the lead office in the promotion of NBS and develops 
advocacy materials for dissemination to all partner agencies (LGUs, 
academe, NGOs) and stakeholders.  All IEC materials and collaterals will 
be screened and reviewed by HPCS. 

I. NIH - Institute of Human Genetics (NIH-IHG) 

The NIH – IHG, specifically the Clinical Genetics Unit, which provides 
comprehensive clinical evaluation and laboratory diagnostic services to 
families or individuals with or at risk for inheritable disease, as well as 
provides support for the Telegenetics Referral System and Birth Defects 
Surveillance System in the country, is tasked with the following functions 
in terms of implementation of the NBSCCs: 

1. Establishes an efficient system in the procurement and availability of 
medicines, medical food and other medical requisites needed in the 
management of patients confirmed with conditions detected through 
newborn screening; 

2. Provides subspecialist (genetics, endocrinology) expertise and 
technical support for the operations of Telegenetics Referral System; 
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3. Strengthens the surveillance program for newborns with birth defects 
in the country; and 

4. Establishes systems for the referral of patients with birth defects from 
BDS health facility to NBSCCs and Birth Defects Continuity Clinics.  

J. Department of the Interior and Local Government (DILG) 

The DILG is one of the major stakeholders of the NCNBSS. It has the 
following functions: 

1. Encourages LGUs to implement RA 9288 and extend total 
cooperation in the implementation of the said law; and 

2. Assists the DOH in the monitoring and evaluation of the program. 

K. Council for the Welfare of Children (CWC) 

CWC is one of the major stakeholders of the NCNBSS. It has the 
following functions: 

1. Integrates NBS in the establishment of the system for early 
identification, prevention, referral and intervention of developmental 
disorders and disabilities in early childhood; and 

2. Provides avenues in developing innovative advocacy and 
communication approaches in partnership with civil societies, NGOs 
and other groups. 

L. Philippine Health Insurance Corporation (PhilHealth) 

PhilHealth is responsible for including NBS services in its benefit 
package for its members.  

Regional Level 

The main role of the DOH-CHDs/DOH BARMM is to act as facilitators and 
collaborators to enable participating units such as lying-in, birthing homes, health 
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centers, and government and private hospitals to fully implement the program at 
the local level.  

The following are the specific functions of the DOH-CHDs/DOH BARMM: 

1. Establishes an NBS Program at the DOH-CHDs/ DOH BARMM, through the 
hiring of a licensed nurse and/or medical staff, to address problems and issues 
encountered in the daily implementation of the program; 

2. Organizes/Conducts trainings and orientations to ensure continuous 
recruitment and updating of NSFs and provide NBS educational materials to 
participating units and the general public; 

3. Conducts awareness and advocacy campaign about newborn screening 
including development of local IECs; 

4. Collaborates with various stakeholders in the implementation of newborn 
screening including LGUs, specialty societies, academe and other partners 
and government offices; 

5. Monitors NBS implementation in NSFs. Observes strictly the compliance of 
NSFs to quality standard NBS procedures; 

6. Secures monthly reports from NSFs and ensure their timely dissemination to 
various program coordinators, DPCB and NSRC; 

7. Meets the coordinators of the various participating units to thresh out 
problems and issues; 

8. Establishes a mechanism for recall of patients with a positive screen; and for 
referral of these patients to experts for management and follow-up care; 

9. Identifies and sustains a treatment and referral network in the region to ensure 
capable management of identified positive cases by a nurse or genetic 
counsellor and a duly licensed physician or a medical specialist such as but 
not limited to a neonatologist, a pediatric endocrinologist and a clinical 
geneticist; 

10. Receives, manages, and disburses the 4% earmarked amount for the purpose 
of implementing the newborn screening program and facilitating achievement 
of required outputs as provided in the AO No. 2013-0015 (See Annex 12: 
Guidelines on the Newborn Screening DOH CHD and DOH BARMM 4% 
Fund Utilization); and 

11. Assists in the operations of the NBSCCs through, but not limited to, recall of 
confirmed patients for referral to experts for management and follow-up care, 
and provide indigency support for confirmatory testing of patients with 
significantly elevated laboratory results and for treatment and long-term 
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management of confirmed patients in the region depending upon the 
availability of funds.  

Local Level 

The local level refers to health facilities under the local government units. Local 
Chief Executives and their local health officials: 

1. Develops local ordinances in support of the newborn screening program; 
2. Ensures that adequate and sustained NBS services such as information, 

education, communication, screening, recall and follow-up are being 
provided in all LGU health facilities (RHU/ City Health Unit, Lying-ins, 
City/Municipal/ District/ Provincial Hospitals); 

3. Establishes a functional case management referral system with 
strategically accessible tertiary care hospitals; 

4. Establishes coordination and networking among concerned agencies; 
5. Monitors and evaluate the NBS implementation in their localities; and 
6. Establishes and provides financial packages to make NBS accessible 

particularly among the economically deprived populace. 

Newborn Screening Center (NSC)  

The NSC is a facility equipped with a newborn screening laboratory that complies 
with the established standards; provides all required laboratory tests; and has an 
immediate recall and short-term follow-up program for newborns with positive 
screen for heritable conditions.  

It also provides roster of confirmed patients, including their protocols for 
management and list of follow-up laboratory procedures, to the NBSCC. 

Newborn Screening Facility (NSF) 

Newborn Screening Facility (NSF) is defined as any health facility that offers 
NBS services to infants, born either within the facility, its catchment area or 
elsewhere, and has operational recall/follow-up system for newborns with 
heritable conditions. 
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The NSF may be any health facility with maternity services, birthing homes, 
lying-in clinics or outpatient clinics such as RHUs and health centers. To be 
included in the network, a health facility must apply and complete the institutional 
database form (see Annex 13) and all documentary requirements. The following 
are the major responsibilities of NSFs: 

1. Organizes an NBS team that will oversee the implementation of the 
program and serve as linkage with the NSC and respective DOH-
CHDs/DOH BARMM; the NBS team will be chaired by an Overall NBS 
Coordinator and assisted by at least one (1) Assistant NBS Coordinator 
who will oversee the NBS process, collection of samples, release of 
results, prompt recall, and follow up of positive cases; 

2. Establishes a system for collection of NBS samples from all newborns 
that come to the facility; target coverage is 100%; 

3. Submits monthly live births to the respective DOH-CHDs/ DOH 
BARMM indicating total number of newborns seen at the facility, number 
of NBS performed and list/status of positive cases identified; 

4. Organizes health education activities to inform parents and clients of the 
importance of NBS; 

5. Ensures recall and proper management of patients with positive screens; 
if the facility does not have trained practitioners, it is their responsibility 
to refer the patient to other facilities with trained practitioners or experts 
who can manage congenital metabolic disorders;  

6. Releases NBS results to attending practitioners; or directly to parents if 
the attending practitioner is unavailable; and 

7. Monitors and evaluates the implementation of NBS within the institution. 
For RHUs, include barangay health workers in the monitoring. 

Newborn Screening Team 

The NBS Team is crucial to the effective and systematic implementation of NBS 
in the NSF. It is important that each health facility organizes its own NBS team. 

A. Steps in Organizing the Newborn Screening Team 

1. Organize the NBS team by identifying key individuals who will ensure 
successful newborn screening in the health facility. 

https://www.newbornscreening.ph/images/stories/downloadables/FORM-NSRCfm1210.3.pdf
https://www.newbornscreening.ph/images/stories/downloadables/FORM-NSRCfm1210.3.pdf
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2. Identify the Overall NBS Coordinator and Assistant Coordinator/s in the 
facility. 

3. Assign specific tasks to key persons/staff members. 
4. Formulate an action plan to include resource requirements, time frame, 

targets and indicators for success of the NBS in the catchment area. 

B. Duties and Responsibilities of the NBS Team 

The NBS team must ensure proper and efficient implementation of NBS.  The 
NBS team should delegate tasks to identified key persons and set standards 
and guidelines for each.  A sample task list is provided below: 

1. Supplies disbursement 
2. Staff training  
3. Advocacy/promotion of NBS 
4. Collection and sending of samples 
5. Release of NBS results and recall of patients for retest 
6. Recall of positive screens/referral/follow up of confirmed patients 
7. Documentation and reporting of confirmatory results to NSC 
8. Financial concerns 
9. Submission of reports i.e. census 

Newborn Screening Continuity Clinic (NBSCC) 

The NBSCC refers to an ambulatory clinic based in a tertiary hospital identified 
by the DOH to be part of the NCNBSS Treatment Network. It is equipped to 
facilitate continuity of care of confirmed patients in its area of coverage.  

Host Facilities – Continuity Clinic 

This tertiary hospital, referred to as the host facility, is equipped to facilitate 
continuity of care of confirmed patients in its area of coverage. 

In terms of implementation of the NBSCC, it has the following specific functions:  

1. Sets-up newborn screening continuity clinic and Birth Defects Continuity 
Clinic; 
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2. Oversees the selection and hiring of personnel for the NBSCC in their 
facility through the Chair of Department of Pediatrics; 

3. Provides clinic space for patient consultation and workstation for the 
follow-up nurse; 

4. Assures the best possible outcome for individuals with disorders 
identified through newborn screening by providing long-term follow-up 
treatment and management to all confirmed positive patients in their 
assigned region/s; 

5. Attends to patients with birth defects for long-term care and management; 
6. Integrates NBSCC  to the current services of the host facility; and  
7. Ensures the sustained operation of NBSCC and Birth Defects Continuity 

Clinic according to the Operational Guidelines set by the DOH and the 
NSRC for NBSCC. 
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CHAPTER 2 | Steps in Implementing Newborn Screening 
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Implementing NBS involves the different steps in the practice of NBS from 
motivation of parents to the management of patients. 

 
  Figure 2. Flowchart of newborn screening activities. 

The basic system and processes for ensuring successful newborn screening is 
shown in Figure 3 below. Details of each step are discussed in the succeeding 
pages. 
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Figure 3. Newborn screening flow of implementation. 

Educating Parents 

Education of parents is essential for the successful implementation of NBS. 
Proper and early education of parents about NBS and its benefits will help parents 
understand NBS and motivate them to have their baby screened.  
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All health workers who provide prenatal care and assist in the actual delivery of 
a baby are responsible for informing parents about newborn screening. 

Education of parents may begin from the time the parents plan to have children to 
the time the baby is delivered.  Venues include: 

 Pre-marriage Counselling Sessions 
 Mother’s classes 
 Prenatal Visits 
 Home Visits 

The following issues must be discussed: (see Annex 14: FAQ on Newborn 
Screening) 

 What is NBS? What disorders are being screened? 
 Why is NBS important? What are the benefits to the newborn? 
 How is NBS performed? 
 Cost of NBS 

The earlier parents are informed of the benefits of newborn screening, the greater 
the chance of NBS being performed. 

 

 

 

 

Collecting the Specimen 

It is important to strictly follow the procedure for dried blood spot (DBS) 
sampling because proper specimen collection ensures accurate results.  Care must 
be taken in order to prevent contamination. 

What if parents refused to have their baby screened? 

Parents may only refuse testing due to religious belief. This must be accompanied 
with a written refusal form (see Annex 15). This document should be filed with the 
baby’s medical record at the NSF.  

https://www.newbornscreening.ph/images/stories/ResourcesNSRC/memo%202011-012.pdf
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Personnel who can collect blood sample for NBS 

Any trained health worker such as physicians, medical technologists, nurses and 
midwives may collect blood specimens for NBS. 

Best/Ideal Time for NBS sample collection  

Sample must be collected immediately after 24 hours from birth before sending 
the mother home. 

 Sample collection done before the ideal time may result either false positive 
or false negative screen.  

 NBS samples taken less than 24 hours of life will require urgent repeat sample 
collection  

 For infants that are SICK, PRETERM, and with LOW BIRTH WEIGHT, (see 
page 37) 

Place to collect the sample 

Any clean/dry/secured place can be designated for sample collection. 

Filling out the Newborn Screening Filter Card 

A. Accomplish the NBS filter card properly 

 Avoid contamination 
 Prevent mislabelling 
 Ensure COMPLETE and ACCURATE data. Incomplete data leads 

to the DELAY in interpretation and release of results. WRITE 
CLEARLY AND LEGIBLY. Avoid erasures. Data erasures might 
cause information to be invalid. 
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General Guidelines in filling out the NBS Filter Card 

1. Make sure that hands are clean and dry before handling the filter card. 
Do not put oil or hand lotion as this can cause contamination on the 
card. 

2. Fill out the NBS Filter Card with the correct information, using 
ballpoint pen with black or blue ink. Do not use water soluble ink 
pens because these may run and contaminate the sample. Avoid 
touching the specimen collection portion of the filter card. 

3. Do not insert the filter card in the patient’s chart to avoid 
contamination of the filter card.  

4. Fill out all items legibly and completely. Use BLOCK LETTERS and 
leave a space (_) between each word. Each box corresponds to only 
one letter or number. If the boxes provided are not enough to 
accommodate the whole name, fill in the information until the last 
available box.  

 

 

 

 

 

 

The information requested for on the filter card is important in the interpretation of 
results. It is essential that the card be filled out completely. 

Important Reminders 

  Do not write anything in the pink-shaded portion/box of the NBS Filter Card 
labelled FOR LABORATORY USE ONLY. 

   Complete all information requested. 

   Write legibly. 

  Check the NBS Filter Card for accuracy of information and completeness of data. 

  Perforated portion indicating “Detach for Philhealth Use” must be attached to 
the Philhealth claim form. 
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Figure 4. The newborn screening filter card. 
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Figure 4.2 Accomplishing the newborn screening filter card: baby’s information. 

Check the box INITIAL SAMPLE if the card to be submitted is 
the first blood sample (of the baby) sent for newborn screening 

Check the box REPEAT SAMPLE if the card to be submitted is 
a repeat sample (i.e. second sample taken from the baby because 
the first sample was either outside normal range, unfit or 
unsatisfactory. 

Refers to the chronological 
order of births. 

For Twins: 2A for the first 
baby delivered and 2B for the 
second baby 

For Triplets: 3A for the first 
baby delivered, 3B for the 
second baby and 3C for the 
third baby 

If mother is married, Baby’s last name refers 
to the mother’s MARRIED SURNAME. 
 
If unmarried, use the mother’s MAIDEN 
SURNAME. 
 
Note: Newborns are identified by their 
mother‘s name. 

ddmmyy means 
day, month, year 

Refers to the time the baby 
was born hhmm = hours, 
minutes. 
 
Check AM box if baby was 
born in the morning. 
Check PM box if the baby 
was born in afternoon. 

Write M if the baby is 
male. Write F if the 
baby is female. 
Write A for babies with 
ambiguous genitalia (i.e. 
external genitalia does 
not conform to the 
“typical” male or female 
appearance). 

Baby’s birthweight in grams 
 
Note: Baby’s weight is 
important in interpreting the 
results for CAH. 

1 

1 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 
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Figure 4.3 Accomplishing the newborn screening filter card: hospital information. 

 

Write  (1) if the sample was taken 
by heel prick method. 

Write  (2) if sample was collected 
from the umbilical cord.  

Write (3) if sample was collected 
through venous route. 

 
Note: Heel Prick method is the 
ideal and recommended method. 
However, when it is not possible to 
perform, venous blood may be used 
as a substitute. 
 

Date when the newborn 
screening blood sample 
was collected  

ddmmyy= day, month, 
year 

Note: Please see 
further instructions for 
samples collected less 
than 24 hours. 

Time when blood sample was 
collected  
 
hhmm = hour, minutes 
 
Note: Information important when 
date of birth and date of 
collection are the same.  

 
Best time to collect:  immediately 
after 24 hours 
 

8 

8 

9 

9 

Refers to the type of milk feeding given 
to the baby at least 24 hours prior to 
NBS collection.  
 
Check the number that corresponds to 
the type of feeding given: 
(1) Breast 
(2) Lactose formula 
(3) Soy/Lactose-Free 
(4) NPO (no milk feeding since birth) 
(5) TPN (total parenteral nutrition) 
(6) 1 & 2 (mixed feeding of breast and 

lactose) 
(7) 1 & 3 (mixed feeding of breast and 

soy formula) 
 
Note: Important in interpreting GAL 
and PKU test results. For 3, 4, 5- repeat 
NBS required when newborn is on full 
lactose feeds for 24 hours. 
 
Glucose-water feeding is considered 
NPO. 
 

Refers to the NSF where the 
newborn screening sample 
was collected. 
 

Write the complete name of the institution 
or place of birth (e.g. hospital, lying-in, 
home). If the baby was born at home, 
write HOME in the space provided. 
 
Note: Important identifier especially for 
transferred newborns and home births 

Write the age of the newborn in 
weeks as assessed by the attending 
health practitioner. 
 
Note: Important in interpreting 
results of CAH and CH; preterm 
requires repeat NBS at 28th day of 
age. 
 

12 

12 

10 

10 

13 

13 

14 

14 

11 

 
11 
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Figure 4.4 Accomplishing the newborn screening filter card: practitioner's information 

Write the Mobile or Cellular phone 
number of the attending practitioner. 

Write the Day Contact 
Number of the attending 
health practitioner. 
 
Write the number that corresponds to the clinical condition at the time NBS sample was collected. If 
the baby’s status is not among the listed choices 1-5, indicate and state the baby’s condition on the 
space provided for (6). 
(0) Normal 
(1) Sick 
(2) Premature 
(3) On Antibiotics 
(4) Date of Blood transfusion 
(5) Combination of above. Please state________________ 
(6) Other relevant clinical information ________________ 
 
Note:  
• The interpretation of CAH result depends on the weight of the baby <2000g vs ≥ 2000g). 

Information may be helpful in interpretation of NBS results. (Include stillbirth/ neonatal death, 
Simian crease, large tongue, Trisomy, ambiguous genitalia, jaundice, kernicterus, sibling has 
previous history of hypothyroidism/CAH, mother has or undergoing medication for 
hyperthyroidism, history of cataract, or child has mousy odor urine). 

Write the number that corresponds to the 
practitioners 
(1) Doctor 
(2) Nurse 
(3) Midwife 

(4) Others______________ (BHW, hilot, etc.) 

Refers to the physician or health 
worker attending to the baby at 
birth. 
 
Last Name, First Name 
 

Note: Very important in the recall 
and follow-up of patients with 
positive screen and unsatisfactory 
samples, and release of results. 
 

16 

16 

18 

18 

15 

15 

19 

19 

17 

17 
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Figure 4.5 Accomplishing the newborn screening filter card: contact details. 

 

Complete name of the parent or guardian of the 
newborn: Last Name, First Name. 

 
Note: Very important for recall or follow-up of 
positive screens and unsatisfactory samples, and 
release of results. 
 

Get another contact 
number of the 

parent/ guardian. 
 

Write the telephone or mobile number 
of the parent. Indicate the name of the 
contact person when parents do not 
own the telephone indicated.  
 

Complete mailing address 
of the parent or guardian:  
Number, Street Name, 
Barangay, City/ 
Municipality, Province, Zip 
Code. 
 

The sticker placed by the NSC 
on this space determines if the 
sample will be tested for 
expanded newborn screening. 
 

Sticker for 
Philhealth claim, 
detached and 
place in the 
Philhealth claim 
form. 

20 

20 

21 

21 

22 

22 

23 

23 

24 

24 

25 25 
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B. Heel Prick Method 

Collect the sample using heel prick method. Heel Prick is the preferred 
method for collecting blood samples for NBS. Practitioners must be 
trained to ensure that the collected samples are acceptable for proper 
testing and analysis. 

Venous blood may be used as an alternate when blood is extracted for 
other tests.  In this instance, remove the extracting needle before applying 
the blood onto the filter card.  Umbilical cord sample is not an ideal 
sample because of high rate of false positive and false negative results.  

1. Prepare the necessary materials:  

 a warm, moist towel 
 clean, powder-free gloves 
 70% ethyl alcohol or sterile water 
 dry and wet cotton balls/swabs 
 NBS filter card (properly filled out) 
 sterile lancets (1.0mm deep by 2.5mm 

long) 
 micropore tape 
 drying rack 

2. Warm the baby’s heel 

 To facilitate sufficient and free flow of 
blood, hold the baby’s leg lower than 
the head. The temperature should not 
exceed 40oC. 

 Gentle rubbing of the baby’s heel is 
another method to warm the area. 

Figure 5. Supplies needed for NBS 
sample collection 

Figure 6. Warming the baby's heel. 
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3. Clean the puncture site 

 Clean the area thoroughly with 
70% ethyl alcohol or sterile 
water swab.      

 

4. Dry the puncture site 

 Wipe the prospective puncture site with a dry cotton ball to 
prevent contamination of the specimen with the alcohol or sterile 
water. 

5. Prick the heel 

 Make two punctures in quick 
succession on the lower lateral 
borders of the heel.  

 

 

 

DO NOT PUNCTURE the following sites: 

 arch of the foot 
 swollen area  
 previously punctured area 
 fingers 

o For babies weighing less than or equal to 4.4 lbs or 2.0 kg, 
the puncture wound should be less than 0.85mm deep by 
1.75mm long. Use the appropriate lancets. 

Figure 8. Pricking the baby's heel. 

Figure 7. Cleaning the puncture site. 
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6. Wipe the first drop of blood with dry sterile cotton to avoid 
contamination of the blood sample. 

7. Apply gentle intermittent pressure to the area surrounding the 
puncture site. 

 Do not squeeze the heel too hard because this may cause 
interstitial fluid to leak and contaminate the specimen.  

 If blood flow slows down, release your grip and then wipe the 
puncture site again with DRY cotton to remove the clot.  

8. Place the blood onto the filter card 

 Allow a big drop of blood to form 
on the baby’s heel before 
applying it onto the filter 
collection card.  

 Place one drop of blood on each 
of the 4 circumscribed circles.  
Aim for complete saturation of 
each of the four blood spots.  

 Apply blood only on one side of 
the filter card. The blood should 
soak through the paper such that the blood spots look alike on 
both sides of the filter card. 

 Do not superimpose blood drops one on top of the other to 
prevent layering. Layering will increase the concentration of 
blood metabolites and may result in falsely elevated values.    

9. Dry the samples 

 Dry samples horizontally on a drying rack at ambient (room: 20-
25°C) temperature for at least 3 hours or until completely dry. 
See figure 16 on page 46. 

 Samples must be kept in a horizontal position so that blood is 
distributed evenly. 

 Avoid exposure of filter collection cards to direct sunlight, 
artificial light or heating instruments. 

Figure 9. Dropping blood on the 
filter card. 
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C. Acceptable specimen 

 

 

 

D. Unacceptable Specimens 

These NBS samples are unfit for testing. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Insufficient sample (blood collected is not 
adequate to perform the newborn screening test. 

Figure 14. Sample appears scratched or abraded. 

Figure 13. Oversaturated samples. 

Figure 15. Clotted or layered sample. 

Figure 10. Acceptable specimen. 

Figure 12. Sample diluted by plasma (with serum rings). 



 
 
NCNBSS Manual of Operation 

 
 

36 

E. Special Circumstances in Sample Collection   

The following circumstances may sometimes be encountered in NBS. It is 
important to note and indicate these information on the NBS filter card 
because they are significant in the interpretation of the results. 

1. Stillbirth/ Neonatal Deaths 

Label the sample: “stillbirth or neonatal death” for post-mortem 
sample.  This should be written on the blank for Baby’s Status. 

2. Feeding 

 The feeding information is important for the interpretation of, 
GAL tests and amino acidopathies, such as PKU and MSUD. 

 Check specific type of feeding on the filter card (Breast, 
Lactose Formula, Soy Formula, etc.). 

 Specify whether the patient is on intravenous fluids (IV), 
Total Parenteral Nutrition (TPN), Nothing Per Orem (NPO).  

 For patients on NPO or TPN, repeat collection must be done 
after lactose feeding is instituted or resumed for at least 24 
hours. (Note: Newborns being given glucose water only are 
considered NPO). 

3. Antibiotics 

NBS may still be done even if the newborn is on antibiotics. However, 
this information should be indicated on the filter card. 

4. Blood Transfusion (BT) 

 Sample collection must be performed PRIOR to any blood 
transfusion. Details on any blood works done are important in 
the interpretation of results. 

 Information should be duly noted on the filter card.   

5. Premature, low birth weight or sick infants 
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 First sample collection of Infants who are premature (<37 
weeks), low birth weight (<2000 grams), and sick2 must be 
immediately done after 24 hours of life. 

 A repeat NBS testing MUST be done at 28th day of life.  

When requested, repeat sampling should not be delayed. Repeat sampling is 
required for the following: 

1. Rejected samples due to unacceptability (see Figures 9-15) 
2. Special cases: 

 Early sample collection i.e. less than 24 hours of life 
 Sample collected less than 48 hours after blood transfusion  
 NPO or no oral feeding since birth 
 Lack of galactose-containing feeding 24 hours prior to blood 

collection (i.e., those on glucose water feeding) 
 NBS sample received by the NSC more than 14 days from 

date of collection 

Handling and Transporting Newborn Screening Samples 

Proper handling is important to prevent contamination and to maintain the 
integrity of the DBS. The filter collection card with DBS is extremely sensitive to 
environmental conditions and substances. The immediate transport of samples 
ensures prompt testing and analysis, allowing for the timely diagnosis of the 
baby’s condition.  

 
2 Sick is any baby admitted to the neonatal intensive care unit (NICU) or requires intensive care. The intensive care 
being given to the baby may be because of the baby’s prematurity, low birth weight, diagnosed/suspected illness, and other 
medical. surgical problems. A newborn admitted to the NICU for observation purposes only and is not receiving intensive care 
does NOT qualify as sick baby. In addition, babies receiving antibiotics for suspected sepsis or those under phototherapy for 
physiologic jaundice also does not qualify as sick babies. However, a baby who is not admitted to the NICU but is receiving 
intensive care due to prematurity, low birth weight, or diagnosed/suspected illness DOES qualify as a sick baby. The assessment 
as to whether the baby is receiving intensive care or not is upon the clinical judgement of the baby’s attending physician. 
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Proper Handling of NBS Samples 

DOs: 

1. Air-dry NBS filter cards at room temperature (20-25oC) for at least 3 
hours on a specially designed drying rack. Blood spots should be 
positioned horizontally on the drying rack so that blood is distributed 
evenly. 

 

2. Keep samples in clean, dry, open areas with dim or normal lighting. 
3. Avoid exposure of filter collection cards to direct sunlight, artificial light 

or heating instruments. 

Figure 16. Proper drying of newborn screening samples. 
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DON’Ts: 

 
 

 

 

 
 

 

 

 

 

 

 

  

Figure 18. Improper handling of filter card. 
 

 

Figure 20. Non-exposure to heat. 
 

Figure 19. Non-exposure to chemicals  
 

Figure 17. Improper storage of filter card. 

 

 

DON’T touch or smear the blood circles  
before, during or after collection. 

 

DON’T store filter cards in drawers, closets or 
sealed plastic bags. This favors bacterial growth 

and may result in contamination. 

 

DON’T expose 
to intense heat 

or direct 
sunlight. 

Enzymes in the 
blood are easily 

destroyed by 
heat. 

DON’T keep cards 
near substances that 
emit fumes such as 

paint, varnish, 
aerosol sprays, 

insecticides and the 
like. Exposure to 
these agents will 

result in fixation of 
the blood on the 
filter card and 

prevent elution with 
reagents. 

 



 
 
NCNBSS Manual of Operation 

 
 

40 

Other sources of contamination include:  

 Liquid spills as this dilutes blood concentration and results in falsely low 
values of metabolites 

 Powdered lactose residue on hands from the gloves 
 Hand lotion  

Transporting NBS Samples 

Preparing the samples for transport: 

1. Once the sample is dry, it is ready for transport to the NSC. 
2. Compare the NBS sample collected with the “Simple Spot Check” poster 

(available with your initial order) to make sure that the specimen is valid 
for testing. (See Annex 16). 

3. Stack the dried filter collection cards alternately, so that the blood spots 
do not lie on top of another.  

4. Wrap the stacked samples in clean paper and place inside a letter 
envelope. DO NOT wrap samples in plastic or put directly in plastic 
pouches.  This encourages bacterial growth and results in contamination. 

5. Accomplish the Transmittal Form completely and accurately.  The 
transmittal form (see Annex 17) is an important countercheck for the 
samples sent by the NSF to the NSC.  Ensure/countercheck that 
Transmittal Forms reflect the contents of every package.  Write the 
individual names of the patients. 

6. Accomplish the courier forms completely. 
7. Insert the NBS samples and the accomplished transmittal form inside the 

courier envelope. 
8. Address the envelope to NSC. 
9. Arrange for regular pick up of samples with a courier. It is ideal to send 

NBS samples immediately after collection and air-drying. Pick-up and 
transport of specimens is done daily via the official courier of the NSC. 
Ask for the tracking number from the courier representative. 

On weekends and holidays, keep the NBS samples inside the paper envelope, 
outside the courier bag in a cool room and send on the next working day.  
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Keep away the blood samples from rodents and other pests. 

 

 

 

Means of transporting DBS  

NBS blood samples are sent through partner couriers.  If these couriers are not 
available in your area, special arrangements can be made with bus companies, 
jeepneys and other public means of transportation to transport NBS samples 
efficiently and promptly. Coordinate with the NSC for the special arrangements. 
To ensure that they are properly handled, packages should have special labels (e.g. 
do not delay, keep dry, avoid exposure to heat, etc.). 

Performing the Newborn Screening Tests 

Upon receipt of NBS samples at the NSC (day 1), they are sorted and assessed for 
suitability for testing.  All samples received at the NSC are assigned a unique 
accession number and entered into the NBS Database. 

Ideally on Day 1 to 2, the NBS tests are performed on the accepted samples. 
Samples are run together with internal and external controls. 

NBS tests are done by qualified and trained medical technologists or laboratory 
scientists. Testing and analysis are done based on the ordered tests.  

  

DO NOT BATCH NBS SPECIMENS COLLECTED ON SEPARATE DAYS. 
Specimens should be sent to the NSC as they come on daily basis (Monday – 
Friday) regardless of the number of samples. 
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Expanded Newborn Screening Panel 
 

Table 1. Disorders included in the Expanded NBS panel and the metabolites tested. 

Disorder Group Disorder  Metabolite Tested 
Endocrine Disorder Congenital Hypothyroidism  CH Thyroid Stimulating Hormone (TSH) 
 Congenital Adrenal 

Hyperplasia 
CAH 17-hydroxy-progesterone (17 α-OHP) 

Amino Acid Disorder Homocystinuria HCY Methionine (Met) 
Hypermethioninemia/Methio
nine Adenosine Transferase 
Deficiency 

MAT Methionine (Met) 

 Maple Syrup Urine Disease MSUD Leucine (Leu) 
 Phenylketonuria PKU Phenylalanine (Phe) 
 Tyrosinemia Type I, II  Succinylacetone (SA) 

Tyrosine (Tyr) 
Fatty Acid Disorder Carnitine 

Palmioyltransferase I 
Deficiency 

CPT1 Hexadecanoylcarnitine + CPT 1 ratio 

 Carnitine 
Palmioyltransferase II 
Deficiency 

CPT2 Hexadecanoylcarnitine + CPT 1 ratio 

 Carnitine Uptake Deficiency CUD Free carnitine 

 Glutaric Acidemia Type II GA II Butyrylcarnitine + Isovalerylcarnitine 
 Long Chain Hydroxyacyl-

CoA Dehydrogenase 
Deficiency 

LCHAD 3-Hydroxyhexadecanoylcarnitine 
(C16OH) 

 Medium Chain-Acyl-CoA 
Dehydrogenase Deficiency 

MCAD Octanoylcarnitine 

 Very Long Chain-Acyl-CoA 
Dehydrogenase Deficiency 

VLCAD Tetradecenoylcarnitine (C14:1) 

 Tri-functional Protein 
Deficiency 

TFP Hydroxyhexadecanoylcarnitine 

Organic Acid 3-Methylcrotnyl CoA 
Carboxylase Deficiency 

3MCC 3-Hydroxyisovalerylcarnitine (C5OH) 
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Disorder Group Disorder  Metabolite Tested 
 Beta Ketothiolase Deficiency BKT Hydroxyisovalerylcarnitine 

 Glutaric Acidemia Type I GA I Glutarylcarnitine 

 Isovaleric Acidemia IVA Isovalerylcarnitine 

 Methylmalonic Acidemia MMA Propionylcarnitine 
 Multiple Carboxylase 

Deficiency 
MCD 3-Hydroxyisovalerylcarnitine + 

Propionylcarnitine 
 Propionic Acidemia PA Propionylcarnitine 

Urea Cycle Defect Citrullinemia CIT Citrulline 

 Argininosuccinic Aciduria ASA Citrulline 

Hemoglobinopathies Alpha Thalassemia 
Beta Thalassemia 
Hemoglobin C 
Hemoglobin D 
Hemoglobin E 
Sickle Cell Disease 

HgB Hemoglobin 

Others Galactosemia GAL Total Galactose 

 Glucose-6-Phosphate 
Dehydrogenase Deficiency 

G6PD 
Def 

G6PD enzyme activity 

 Cystic Fibrosis CF Immunoreactive Trypsine (IRT) 

 Biotinidase Deficiency BTND Biotinidase enzyme activity 

See Chapter 6 for the description of each disorder. 

Releasing Newborn Screening Results 

Proper and timely relaying of results is a vital process to the NBS program, the 
absence of which will defeat the whole purpose of the screening program. 

Whether the NBS result is positive or negative, it should be released promptly.  
Parents have the right to know the NBS results of their babies. 
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See Figure 22 on releasing of results based on baby’s age. 

Steps in the Relay of NBS Results 

1. Relay of results from the NSC to NSF 
2. Relay of results from the NSF to parents/guardian 

 
Figure 21. Flow of release of newborn screening results. 

 

NBS Summary Report/Individual Result 

The NSC generates a NBS Summary Report and Individual Result regularly (see 
Annex 18: NBS Summary Report and Individual Result). The Summary Report 
contains a listing of all babies who have undergone NBS and their respective 
results. The individual result is the patient’s copy of the result. The NBS Summary 
Report and the Individual Result are transported to the NSF within 7 to 14 working 
days from the date the samples ware received by the NSC. The report is retained 
in the NSF while the Individual Result Forms are forwarded by the NSF’s NBS 
team to the respective health practitioner of the specific newborn.   
   

Types of NBS Results 

 Abnormal NBS Results or outside normal limits 
 Unsatisfactory 
 Normal NBS Results or within normal limits 
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Normal NBS Results 

The NSCs release NORMAL results (Individual Result Form and NBS summary 
report) to NSFs via fax or email usually on the 7th working day from the date of 
receipt of sample. For NSFs that do not have fax or email, hard copies of the 
results are sent through the courier within 14 working days from the date of receipt 
of sample by the NSC. 

The NBS Coordinator is responsible for ensuring the distribution of the individual 
NORMAL NBS results to the Attending Physician or Health Practitioner who 
attended the birth of the newborn. 

When both the NBS Coordinator and the Attending Physician are not available, 
the result may be given directly to the parents.   

The NSF must have a designated NBS area from where the NBS results can be 
released directly to the parents. Documentation of this direct release should be 
placed in the newborn’s health record.  

Abnormal NBS Results 

The report is sent to the NBS Coordinator and the Attending Physician through 
fax or email (see Annex 19: Abnormal NBS Result) and via telephone immediately 
after the results are released from the laboratory. A hard copy of the abnormal 
NBS result is sent through the courier. 

The NSCs release individual NBS results for NBS samples that are positive for 
any one of the disorders in the NBS panel. The report contains the following 
information:   

 Sample ID 
 Patient’s ID 
 Mother’s name 
 Date of birth 
 Sex  
 Date of sample collection 
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 Hospital of collection 
 Result of NBS (specific test) 
 Attending Physician 

The report may also contain the following: 

 Actual values and normal laboratory reference ranges of the metabolites 
tested for each disorder 

 Instructions on what to do next for elevated results  

Recalling Patients 

Recall is the immediate location or tracking of a newborn with a positive screen 
for appropriate laboratory testing to confirm the diagnosis and, when appropriate, 
provide treatment.  

It is the act of calling the parents or guardians of the patient to inform them that 
the baby needs one of the following: 

 Repeat blood sampling 
 Confirmatory and ancillary tests 

Types of Recall 

 Recall of babies with positive screen 
 Recall of babies with unfit/unsatisfactory sample 

Recall of babies with positive screen (see Figure 23) 

 Any baby with a positive screening result must be recalled immediately 
for either repeat sample collection or confirmatory tests. 

 The recall of the patient is the main responsibility of the Attending Health 
Practitioner.  Because of his rapport with the patient’s family, the health 
practitioner is in the best position to explain to the parents the need for 
further testing. 
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 In the absence of the Attending Health Practitioner, recall of a patient 
with positive screen is the responsibility of the NBS Coordinator and the 
NBS team of the NSF. 

 NBS Coordinator may coordinate with the DOH Regional Coordinator at 
the DOH-CHD/DOH BARMM for assistance in recalling the patient. 

 

 

Figure 22. NBS flow from sample collection to release of results based on baby's age. 
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Recall of babies with NBS Samples Unfit and/or Unsatisfactory for 
Testing  

Equally important is the recall of patients with rejected samples (See Figure 24).  
The proper blood sample must be taken immediately in order to perform the NBS 
tests. 

What makes a dried blood spot (DBS) not fit for testing? 

 Contaminated (by liquid, dirt, , abrasions, smears) 
 Insufficient blood (not enough blood to perform the whole newborn screening 

panel) 

What makes a dried blood spot (DBS) Unsatisfactory? 

 Sample taken within 48 hours after blood or exchange transfusions 
 Sample taken when patient is on Total Parenteral Nutrition (TPN) 
 Sample taken when baby was on Nothing Per Orem (NPO) 
 Early sampling (baby less than 24 hours of life)3 
 NBS samples received at NSC more than 14 days from date of collection  

o The NSC personnel will notify the NBS Team of the NSF about the 
patients with unfit samples by phone, text messages or fax within 24 
hours of sample receipt at the NSC. 

o When the patient is not able to return to the hospital of birth for repeat 
sample collection, the NBS Coordinator should direct the patient to 
another NSF (preferably near the patient’s place of residence) for 
repeat sampling. 

 

 

 
3 Except for sick, preterm and has low birth weight baby 
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Figure 23. Recall of babies with positive screens. 



 
 
NCNBSS Manual of Operation 

 
 

50 

 

Figure 24. Recall of babies with unsatisfactory samples. 
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Reasons for immediate recall of patients 

Prompt recall of patients with elevated results is critical in saving babies from 
mental retardation or death. 

A delay in the recall means a delay in the repeat collection that will delay the 
diagnosis and management of the disorder.  

A. Means of recalling patients 

 Phone calls 
 Text messages 
 Sending letters, telegram, fax or email  
 Utilizing tri-media advertisements in tabloid, local and national 

newspapers, radio and television announcements 
 Visiting patient’s home 
 Coordinating with the provincial health office, municipal health office, 

LGU and/or health center for assistance 
 Coordinating with civic organizations 

B. Responsibilities of the NBS Coordinator in the recall of newborns with 
positive screens and unsatisfactory samples 

 Prompt notification of the Attending Practitioner of positive 
screens/unsatisfactory samples; 

 Immediate notification of parents about the NBS results of their newborn 
if the Attending Practitioner is not around; 

 Immediate facilitation of repeat blood collection from babies with 
elevated results or rejected samples; 

o If the baby is not around the vicinity of the NSF, facilitate repeat 
collection in another NSF near the patient’s current residence. 

o Contact the NSRC or visit the NSRC website 
www.newbornscreening.ph for the list of participating NSFs. 

http://www.newbornscreening.ph/


 
 
NCNBSS Manual of Operation 

 
 

52 

o Ensure that all patients with unfit samples are recalled and repeat 
collection is done immediately. 

 

 

o Over-all coordination of NBS operation in the NSF; and 
o Point person for communication with NSC. 

C. Responsibilities of the NSC Follow-up Nurse Coordinator in the recall of 
newborns with positive screen and unsatisfactory samples  

 Ensures that all positive screens are recalled immediately;  
 Monitors all patients with positive screens until confirmation of a disorder 

has been made; 
 In confirmed cases, ensure that patients and their records are turned over 

to the NBSCC for long term management; 
 Documents and manages files of positive/confirmed cases;  
 Acts as point person for parent queries regarding NBS disorders and 

results; and, 
 Gives regular census of cases to the NSRC. 

D. Proper Documentation 

 Effective recall relies on proper documentation of information about all 
babies born within the catchment area of the NSF.  

 Document the following information: 

o Complete address of patient 
o Contact numbers (landline and cellular or mobile phone 

numbers) of patient’s parents or guardians 
o Contact numbers (landline and cell phone numbers) and address 

of individuals who can assist in the recall of the patient (e.g., 
neighbor, barangay captain, barangay health worker, midwife)  

o All efforts made to recall a baby and file in baby’s chart 

Parents do not have to pay for repeat blood collection due to elevated NBS result. 
See page 61 for the NSC card replacement procedure. 
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 In cases of parent refusal for further testing, secure a written refusal to 
document this fact (See Annex 20: Parent Refusal Form)  

 In cases when the NSF is unable to recall a positive screen after 3 months 
of continuous maximal efforts, NSF must send a communication to NSC 
regarding this “failed recall”. 

Managing, Referring and Monitoring of Patients 

Prompt and appropriate management of babies with a positive screen is essential 
for saving these babies from the debilitating consequences of the disorders being 
screened. 

The NCNBSS includes not only screening and diagnosis, but also short-term and 
long-term follow-up care through case treatment, management and monitoring. 
All of the conditions identifiable through newborn screening are chronic, and 
therefore require medical care and other related services throughout the affected 
individual’s lifetime. A newborn screening follow-up system in place will ensure 
effective disease management after diagnosis.   

Short Term Follow-up 

Short Term Follow – up covers recall of babies with positive screens, diagnosis 
of positive screens and if confirmed positive in one of the disorders - initial 
treatment and management. Monitoring should be done regularly through the 
Attending Physician or by direct inquiry from the parents until initial treatment. 

While it may be easier to contact parents directly, it is recommended that the NBS 
team in coordination with NSC Follow-up Head consult the Attending 
Practitioner and direct all communications through him/her in order to avoid 
miscommunication. 

A. Responsibilities of NBS Coordinator 

1. Referral 

https://www.newbornscreening.ph/images/stories/downloadables/confirmatory-refusal-form-english.pdf
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 Ensures that patients are referred to health facilities where 
confirmatory tests can be performed. 

 If the appropriate confirmatory tests are not available within the 
area, the NBS team should facilitate the referral of the baby to the 
nearest health facility where confirmatory tests are available. The 
NBS team may call the NSC for assistance. 

 Through the Attending Physician and the NSC Follow-up Head, 
gives advice to parents on what to do and where to go when their 
baby has a positive screen. 

2. Management 

 For NSF with medical specialists, ensures that patients are 
promptly evaluated and are given appropriate management. 

 In the absence of a pediatric specialist, the Attending Physician 
or NBS Coordinator coordinates with the NSC for acute 
management and for contacts of doctors with the appropriate 
expertise and facilitate early referral. 

Long Term Management 

Long-term follow-up comprises the assurance and provision of quality, 
continuous management, condition-specific treatment, and age-appropriate 
preventive care throughout the lifespan of individuals identified with a condition 
included in the newborn screening panel. Integral to assuring appropriate long-
term follow-up are activities related to improving care delivery, including 
engagement of affected individuals and their families as effective partners in care 
management, continuous quality improvement through the continuity clinics, 
research into treatment options, and active surveillance and evaluation of data 
related to care and outcomes. 

Continuity Clinic 

All confirmed patients are referred to the NBSCC by the NSC for long-term 
management. The Continuity Clinic serves both as a NBS long term follow-up 
clinic and Birth Defects Continuity Clinic. A team of a part-time pediatrician and 
a full-time nurse/genetic counsellor run the clinic. The principal goal of long-term 
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follow-up is to assure the best possible outcome for individuals with disorders 
identified through newborn screening and attend to patients with birth defects for 
long-term care and management.  

A. Patient/Family-Centered Activities (Main) 

 Encourage family to maintain relationship with Newborn Screening 
Continuity Clinic and Birth Defects Continuity Clinic to ensure 
continuous and effective care. 

 Monitor compliance with treatment (facilitate referral to appropriate 
sub-specialists, therapists, nutritionists).  

 Reinforce schedule of follow-up appointments and work-ups 
endorsed by the NSC. 

 Provide follow-up counselling and anticipatory guidance to the 
family. 

 Provide continuing education about the condition to the families and 
the health professionals. 

 Set up patient/family support groups in coordination with NSRC. 
 Coordinate with DOH-CHD/DOH BARMM in patient recall (lost to 

follow up cases). 

B. Patient/Family-Centered Activities (Quality Assurance) 

 Prepare and submit reports of the two clinics to NSRC (initial). 
Participate in monthly patient case audit.  

 Evaluate the extent to which the birth defects or newborn screening 
long-term follow-up care is effective in improving the patient’s 
health. 

C. Program Activities 

 Collaborate with other agency partners of the program: DOH-
CHDs/DOH BARMM, NSCs, Clinical Genetics Units, NSRC, health 
facilities, health practitioners and LGUs. 
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D. Other Activities 

 Attend to related workshops, meetings, seminars and conferences 
(funded by either DOH-CHDs/DOH BARMM, NSC, NSRC). 

Managing Patients  

NSCs transfer the roster of confirmed patients, including protocols for 
management and list of follow-up laboratory procedures, to the NBSCC using the 
prescribed Patient Endorsement Forms (please see attachments) based on the 
enclosed schedule. 

Once patients have been endorsed under long-term follow-up care, the NBSCCs 
are expected to: 

 Make every effort, in coordination with respective DOH-CHDs/DOH 
BARMM, to contact and schedule patients referred from NSCs so that the 
necessary treatment and long-term follow-up care shall be given, as well as 
timely monitoring shall be undertaken. 

 Facilitate referral of patients needing consults to available subspecialists in 
their facility or region. In cases wherein, genetics evaluation and consultation 
is needed and this service is not available in their region, the continuity clinic 
shall utilize the Telegenetics Referral System. 
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CHAPTER 3 | Managing Newborn Screening Supplies 
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All hospitals, birthing facilities, RHUs, health centers and other NSFs throughout 
the country should have NBS specimen collection kits at all times.  It is advisable 
that the NSF should purchase at least 1month stock of the NBS Collection Kit.  
This can be estimated by getting the average monthly delivery for the past year. 
The NBS specimen kits are available for purchase from the NSC. The NBS 
Specimen Collection Kit contains the following: 

 Filter paper 
 Lancet 
 Transmittal Form 
 Brochure 

Each NBS Collection Kit is good for one baby only. 

Supplies 

A. Filter paper 

The filter collection card is a special grade of absorbent paper specifically 
designed to collect blood samples for NBS analysis. The filter paper uses 
a 903 Grade or equivalent with pH at 5.7 to 7.5 (test method ISO 6588-
1). It has 4 circles, each measuring 1.27 centimeters in diameter and on 
which the drops of blood samples are collected and allowed to soak 
through. It has a lot number and has an expiration date. 

Filter collection cards should be handled with care to avoid 
contamination. See page 38 on the proper handling of NBS samples. They 
are best stored in a cool dry place away from direct sunlight.  Storage 
areas should be kept clean and free from roaches and rats. 

B. Drying Rack  

NBS specimens are individually air dried at room temperature in 
horizontal position by placing them on a specially designed cardboard 
rack.  A single rack can accommodate approximately 10 filter collection 
cards at a time.  This is included in the starter NBS collection kit. Once 
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drying rack becomes dilapidated after several uses, a drying rack can be 
requested from the NSC free-of-charge. 

C. Lancets 

The lancet used for NBS has rigid specifications to make it safe for the 
babies who may otherwise sustain deep wounds or fractures if an ordinary 
lancet is used. For well babies, recommended lancet size does not exceed 
2.5 mm. Puncture wound depth does not exceed 2.0mm. For babies 
weighing less than 2.0 kg, only lancets with tip lengths of 2.4 1.75 mm or 
less may be used.  

D. Transmittal form 

The transmittal form is an important countercheck for the samples sent by 
the NSF to the NSC. Transmittal forms are sent back to the NSC together 
with the sample.  Mother’s name on each sample to be transmitted must 
be written in the transmittal form including other attached items i.e. check 
payment or money order.  

E. Brochure 

The pink brochure contains basic facts about newborn screening and a 
short description of each disorder. It is available in several languages. 

F. Simple Spot Check Poster 

The Simple Spot Check poster is a visual guide showing a valid specimen 
and of invalid specimens. This is included in the NBS starter kit.  

  

https://www.newbornscreening.ph/images/stories/downloadables/ENBS-PBE-2020.pdf
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Purchasing the NBS Specimen Collection Kits 

A. Ordering  

 All orders for the NBS Specimen Collection Kits must be in the 
Purchase Order (P.O.) of the requesting NSF, duly signed by the 
authorized purchasing officer. 

 The P.O. is then sent to the NSC through: 
o Courier or mail 
o Fax 

 Minimum allowable order per P.O. is 5 sets of ENBS Specimen 
Collection Kits.  There is no maximum limit. 

B. Delivery 

1. Ordered supplies are sent by the NSC through its official courier.  A 
Sales Invoice in duplicate form accompanies the order.  The original 
copy is retained and forwarded to the NSFs accounting department 
by the person who received the goods.   The duplicate copy is sent 
back to the NSC.  

2. The health personnel in charge of receiving the ordered supplies must 
immediately inform the NSC of any discrepancy in the delivery 
within the day the order was received.  If no complaints are received 
by the NSC, then the supplies will be deemed received in good order 
and condition. 

3. Orders will be delivered within 7 working days upon receipt of the 
P.O. from the NSF.  The NSF will be notified of any changes in the 
delivery schedule.     

C.  Payment 

1. Terms: 

 Prepaid 
 Cash on Delivery (COD) 
 45 days (or 60 days for PHIC accredited NSFs upon request) from 

receipt of order and sales invoice 
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2. Any unpaid account after the given term will incur an interest charge 
of 2% per month until fully paid.  

3. Payment may be made through any of the following ways: 

 Cash 
 Bank to bank payment  
 Check payments 
 Postal Money Order 

4. Payment Details: 

 Through online system payment, indicate the hospital code, 
hospital name, amount of deposit, Sales Invoice number. Keep 
the deposit slip for possible reference.  

 Through regular bank payment, the original validated deposit slip 
should be immediately sent to the NSC for proper recording, 
posting and acknowledgement.   

5. The invoice number for which payment is made must be indicated at 
the back of the deposit slip.  The same must be done for check or 
postal money order payments. 

Replacement of Filter Collection Cards 

Only filter collection cards used for repeat sample collection of patients who have 
positive initial screening results are replaced free of charge by the NSC upon 
submission of the list of names of patients for which a second/repeat card was 
used.  Replacement cards are sent in the next order. 

Other administrative mechanics 

Each NSC will provide detailed administrative mechanics to guide NSFs.  
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CHAPTER 4 | Training the Health Workers 
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For a health worker to be able to do her/his obligation of providing parents and 
guardians substantial information about the significance of NBS, it is imperative 
that health workers be equipped with the relevant information about NBS. 
Trainings at the regional level are coordinated by DOH-CHDs/DOH BARMM. 
Contact details of Regional Coordinators are available at the Contact Us   
www.newbornscreening.ph. 

There are various levels of training for implementers of NBS.  They range from 
simple orientation courses to formal training courses on management of 
congenital metabolic disorders.  Below is a table of training and orientation 
activities on NBS. ENBS is incorporated in the training.  

Facilitators Guidebook and other resources and training materials are available 
for download at http://www.newbornscreening.ph/ resources.  

Health practitioners can also do self-assessment through 
www.newbornscreening.ph.  

Table 2. NBS Training Courses 

Training 
Course 

Target Participants Objectives Contents Duration Method 

Orientation 
courses 

BHWs & other 
community volunteers 
Local Government 
Eecutives (LCE) 
NGOs, GOs, & other 
sectors 

1. To provide basic 
information on NBS, the 
NBS Panel of disorders, 
early detection, 
management and follow-up 

2. To elicit support for NBS 

 NBS and its importance 
 NBS Panel of Disorders 
 How NBS is Done 
 Highlights of RA 9288 
 Cost of NBS 

1-3 hours Lecture 
Testimonials 
Videos 
Flip Charts 
Demonstration 

NBS 
Coordinators 
Training 

 

NBS Team per NSF 

NBS Coordinators at 
CHO and PHO level 

1. To provide basic orientation 
for health practitioners 

2. To provide detailed 
information on NBS 
Operation, i.e. motivating 
parents, sample collection, 
specimen handling, 
logistics management, 
collection of fees, release 
of results, follow up and 
recall of cases 

 NBS and its importance 
 NBS Panel of Disorders 
 How NBS is Done 
 Highlights of RA 9288 
 Cost of NBS 

½ day Lecture 
Videos 
Testimonials 
Demonstrations 
and Return 
Demonstrations 

NBS Clinical 
Training for 
Health 
Practitioners 
 

Physicians 
(pediatricians, 
obstetricians or family 
physicians), nurses, 
midwives 
 

1. To provide basic orientation 
on NBS 

2. To provide information on 
expected roles 

3. To discuss NBS referral 
network and NBS 
Continuity Clinics 

 General Information on 
NBS 

 RA 9288 and IRR 
 NBS Operations 
 Clinical Practice or 

Algorithm 
 Expected Rates 

1 day Lecture 
Video 
Case 
Discussion 
Demonstrations 
and Return 
Demonstrations 

http://www.newbornscreening.ph/
http://www.newbornscreening.ph/%20resources
http://www.newbornscreening.ph/
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Training 
Course 

Target Participants Objectives Contents Duration Method 

 
Counseling Genetic counsellors 1. To practice counselling 

(nutritional/genetic) 
 General Information on 

NBS 
 Principles in counselling 
 Clinical protocols 

 Role play 
Videos 
Lectures 
Discussions 
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CHAPTER 5 | Monitoring and Evaluating Newborn Screening 
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Monitoring 

Monitoring is the systematic and continuous process of observing and overseeing 
program implementation without bias. Through monitoring, one is able to keep 
track of activities to ensure that the program is proceeding according to plan. It 
enables the managers to answer questions like: 

 Are the activities directed towards the program objectives? 
 Are the activities being done on time as planned? 
 Are good standards being maintained? 
 Are the targets being achieved? 

The NBS Program has several components that must be looked into: 

 Education/information dissemination 
 Screening process 
 Release of laboratory results 
 Patient recall and management 
 Follow up care 
 Recording & reporting - timeliness of submission, maintenance 
 Quality assurance 
 Financial resources 

For monitoring to be useful, it should be done on a regular basis, at least once a 
year utilizing the Program Evaluation and Assessment (PEAS) Tool for NSF (See 
Annex 21), which should include the following methods: 

 Observation of health facility 
 Review of records and reports 
 Interview of health personnel 

Indicators 

The following indicators should provide useful data to program managers to 
improve program performance. 

https://www.newbornscreening.ph/images/stories/ResourcesTechnicalDocuments/nsfppeas.pdf
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1. The percentage (%) of facilities offering NBS as compared to the total 
number of facilities. This reflects the accessibility of NBS services and 
indirectly measures the level of political support for the program. 

2. The percentage (%) of babies screened as compared to the total deliveries 
in the NSF and the community. This reflects the efficacy of parental 
motivation and health worker commitment to implement the program. 

3. Time in transit for specimens/reports. 
4. Screening age. 
5. Available kits and quality of storage. 
6. The number of unsatisfactory; number of babies returning for repeat 

collection.  
7. The number of babies recalled due to a positive screening test as to the 

total number of cases. 
8. The number of babies returning as to the number of babies who were 

recalled for any of the disorder or who were recalled for a repeat screen 
(rejected sample). This reflects the efficacy of the recall system set-up in 
the NSF or community.  

9. The number of babies followed up and/or treated as to the total number 
of babies who are initially positive, confirmed positive and needing 
continued management per disorder.  

10. The number of patients lost to follow up. 
11. Educational materials available and disseminated. 
12. Number of ordinances or local policies. 

Evaluation  

Evaluation is the process of assessing the progress of the program, its strengths 
and weaknesses, and seeks to offer solutions to identified problems. Evaluation is 
done annually.  

There are several ways to do evaluation: 

 Desk reviews 
 Comprehensive program review 
 Focused program review 
 Cluster survey 
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 Health facility assessment 

Objectives  

The objective of evaluating NBS is to identify ways to strengthen and sustain NBS 
implementation as an essential intervention in quality newborn care. 

The areas that should be evaluated include: 

1. Organization and Management 

 Organization and management at all levels 
 Policies in support of NBS 
 Planning 
 Involvement of partners 
 Central level support to implementing levels 
 Budget 
 Financing mechanisms 

2. Training Activities 

 Training strategies 
 Training plan and status of implementation 
 Follow-up and supervision 

3. Advocacy and promotional Activities 

 Information, education and communication materials 
 Communication strategies 

4. Records and reports 

 Data collection 
 Data analysis 
 Documentation process 
 National statistics regarding incidence of disorders 
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5. Operations/service delivery 

 Quality of service delivered 
 Coverage/accomplishments 
 Work flow 
 Systems, i.e. recall and follow up, referral 

6. Quality assurance for laboratory processes 

Periodic spot checks/ external audits of NSCs should be done regularly to 
immediately identify potential problems so that corrective action can be done. 
Any wrong information resulting from substandard laboratory processes can 
destroy the entire NBS Program.  
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AMINO ACID DISORDERS 

HOMOCYSTINURIA 

Homocystinuria (HCY), caused by cystathionine β-synthase deficiency is an 
inborn error of the transsulfation pathway which causes an increase in levels of 
homocysteine and methinonine in blood.1 

Clinical Manifestation 

Patients affected with homocystinuria may present with (1) ectopia lentis which 
is found in 85% of patients2; (2) skeletal abnormalities are prominent especially 
genu valgus and patients are often described to have a “marfanoid habitus”; (3) 
mental retardation is common but not invariable and; (4) thromboembolism.2,3 

Pathophysiology 

Increased homocysteine levels is found to inhibit linking of collagen and elastic 
tissue, which predisposes zonule generation of the eye predisposing patients to 
myopia and lens dislocation.4 Skeletal abnormalities are thought to result from 
damage to fibrillin in patients with cytathionine β-synthase and due to a reduction 
in collagen crosslinking5  while the mechanism that contributes to the atherogenic 
propensity of hyperhomocystinemia are related to endothelial dysfunction and 
injury, which leads to platelet aggregation and thrombus formation.6  Finally, 
chemical abnormalities and the repeated thromboemolic strokes may contribute 
to the mental retardation.4,6 

Inheritance: autosomal recessive7  

Confirmatory Testing 

Total homocysteine in plasma. Amino acids in plasma, methylmalonic acid in 
urine and enzyme study in fibroblasts may be used to confirm the diagnosis.7 

Overview of Disease Management 

The aim of treatment is to reduce the plasma total homocysteine through the 
following approaches: (1) large doses of pyridoxine (50-100mg/day) have been 
effective in reducing biochemical abnormalities in patients with cystathionine- β-
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synthase deficiency where about half respond partially, (2) folic acid (10mg/day) 
may be given along with betaine (100mg/kg/day) that lowers homocysteine levels 
by remethylation dietary modification by giving a low-methionine/high-cystine 
diet. 2 Additional treatment may include Vitamin C (100mg/day) and 
hydroxocobalamin (1mg/day) starting at 5 years of age. 

Prognosis 

Early diagnosis and treatment can prevent thromboembolic events and reduce the 
complications brought about by increased levels of homocysteine.2 

Preliminary / Initial Management During Metabolic Crisis 

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency. 

What To Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access. Collect samples for plasma amino acids.  May request for 

investigations (i.e. CBC, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Start betaine, folic acid and vitamin B6. 
 Monitor input and output strictly (q6 hours).  

 If unwell and can tolerate oral intake: 
 Insert oro- or nasogatric tube and start continuous feeding with HCY formula or 

protein free formula at maintenance rate 
 Insert IV access.  Collect samples for plasma amino acids.  May request for 

investigations (i.e. CBC, etc.) as needed. 
 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Start betaine, folic acid and vitamin B6. 
 Monitor input and output strictly (q6 hours) 
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*Children should not be protein restricted for longer than necessary (24-28 

hours) 
*Inform metabolic doctor on call for further guidance regarding on-going 

management 
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METHIONINE ADENOSINE TRANSFERASE (MAT) 
DEFICIENCY 

Isolated persistent hypermethioninamia has been defined as abnormal elevation 
of plasma methionine that persists beyond infancy and is not caused by 
homocystinuria due to cystathionine β-synthase deficiency, tyrosinemia type I or 
severe liver disease. 1 With rare exceptions, this abnormality has been found to be 
due to inactivating mutations in MAT1A, the gene that encodes the catalytically 
active subunit of the two isozyme forms of methinonine adenosyltransferase.2 

Clinical Manifestation 

The great majority of patients have no clinical abnormalities except for 
unpleasant, sulfurous breath odor but a few patients have shown neurologic 
abnormalities such as nystagmus, dysdiadochokinesis, increased tendon reflexes, 
mental retardation, dystonia and dysmetria associated with demyelination on 
MRI.3  The complete lack of MAT I/III activity can represent a risk for 
development of brain demyelination, but some residual activity seems to be 
sufficient to maintain clinical well-being.4 

Pathophysiology 

The pathogenesis of this disease is not clearly elucidated and it might result from 
different factors: extraordinarily high plasma methionine levels can directly 
contribute to nuerological abnormalities, the lack of synthesis of S-
adenosylmethionone (AdoMet)-dependent methylated products can cause 
demyelination and hyperhomocysteinemia might bring about an elevated risk of 
vascular and thrombotic dieases.4 

Inheritance: autosomal recessive4, 5 

Confirmatory Testing 

High methinonine in plasma and urine without increased homocysteine.5  
Confirmation of the diagnosis by enzyme assay requires liver tissue and therefore 
is not routinely performed.3 
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Overview of Disease Management 

Treatment is generally not indicated but in patients with evidence of 
demyelination, administration of S-adenosylmethinonine corrects deficiency of 
this compound.3,5 

Prognosis 

Abnormal elevations of plasma homocysteine have been reported among more 
severely affected MAT I/III deficient patients and might possibly increase the 
long-term risk for strokes.4 

Preliminary / Initial Management during Metabolic Crisis 

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency. 

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect plasma amino acid sample.  May request for investigations 

(i.e. CBC, liver transaminases, blood gas, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).   

 
If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with protein free formula 
at maintenance rate 

 Insert IV access.  Collect plasma amino acid sample.  May request for investigations 
(i.e. CBC, liver transaminases, blood gas, etc.) as needed. 

 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours). 
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*Children should not be protein restricted for longer than necessary (24-48 
hours) 

*Inform metabolic doctor on call for further guidance regarding on-going 
management 
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MAPLE SYRUP URINE DISEASE 

Maple syrup urine disease (MSUD) is due to a defect or deficiency of the branched 
chain ketoacid dehydrogenase complex in which elevated quantities of leucine, 
isoleucine, valine and their corresponding oxoacids accumulate in body fluids.1 

Clinical Manifestation 
Infants with MSUD appear normal at birth.2 There are different classifications of 
MSUD based on the enzyme activity and these include: classical, intermediate, 
intermittent, thiamine response and E-3 deficient MSUD.  Classical MSUD 
(residual enzyme <2%) is the most severe and common form with symptoms of 
poor suck, lethargy, hypo and hypertonia, opisthotonic posturing, seizures and 
coma developing 4-7 days after birth.3 The characteristic odor of maple syrup may 
be detected as soon as neurological symptoms develop.2  Intermediate MSUD 
(residual enzyme 3-30%) have gradual neurologic problems resulting in mental 
retardation.3  Intermittent form of MSUD go into metabolic crisis when there is a 
stressful situation such as an infection or after surgery.2,3  Thiamine-responsive 
MSUD’s clinical symptomatology and metabolic disturbance is ameliorated once 
pharmacologic dose of thiamine has been given.3  E-3 deficient MSUD present 
with symptoms similar to those with intermediate MSUD but also have lactic 
acidosis.2,3 

Pathophysiology 
Due to a mutation of the branched chain keto-acid dehydrogenase enzyme, the 
levels of leucine, valine and isoleucine increase in blood.  The increase in leucine 
may cause competitive inhibition with other precursors of neurotransmitters 
causing the neurologic manifestations.2 

Inheritance: autosomal recessive2,3 

Confirmatory Testing 
Diagnosis is confirmed by detection of the highly increased branched-chain amino 
acids levels via quantitative amino acid analysis and/or by increased urinary 
excretion of α-keto and hydroxyl acids and branched chain amino acids using GC-
MS and quantitative amino acid analysis.3 
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Overview of Disease Management 
Long term treatment of MSUD is based on dietary restriction of branched-chain 
amino acids and supplementation of thiamine if proven beneficial; valine and 
isoleucine supplementation is also recommended. 1,2,3  Frequent determination of 
leucine levels are likewise encouraged so that proper dietary adjustments be done 
for effective management of the condition. 

Prognosis 

Children with the classical form of MSUD have only a satisfactory prognosis if 
they are diagnosed and treated early.3  

Preliminary / Initial Management during Metabolic Crisis 

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency. 

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem except medications 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect samples for plasma amino acids, dried blood spot (for 

leucine levels), blood glucose and urine ketones.  May request for investigations 
(i.e. CBC, blood gas, etc.) as needed. 

 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Start intralipid at 1g/kg/24 hours. 
 Give valine (30-50mg/kg/day) in 6 divided doses 
 Give isoleucine (20mg/kg/day) in 6 divided doses  
 Monitor input and output strictly (q6 hours).  

  
If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with BCAD milk 
formula or protein free formula at maintenance rate 

 Give valine (30-50mg/kg/day) in 6 divided doses 
 Give isoleucine (20mg/kg/day) in 6 divided doses  
 Insert IV access.  Collect samples for plasma amino acids, dried blood spot (for 
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leucine levels), blood glucose and urine ketones.  May request for investigations 
(i.e. CBC, blood gas, etc.) as needed. 

 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours) 

  
* Children should not be protein restricted for longer than necessary (24-48 

hours) 
* If patient does not improve with the initial management (within 12 hours), 

hemodialysis may be indicated.  Monitor patient clinically, the necessity of 
hemodialysis will depend on patient’s clinical status. 

*Inform metabolic doctor on call for further guidance regarding on-going 
management 
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PHENYLKETONURIA 
Phenylketonuria (PKU) is a disorder of aromatic amino acid metabolism in which 
phenylalanine cannot be converted to tyrosine due to a deficiency or absence of the 
enzyme phenylalanine hydroxylase.1  Phenylalanine hydroxylase requires the co-factor 6-
pyruvoyltetrahydropterin or BH4 for activity in the hydroxylation to tyrosine, absence of 
this co-factor may present with an increase in plasma phenylalanine similar to 
phenylketonuria but is considered a separate disorder.2 

Clinical Manifestation 
Patients affected with PKU appear normal at birth.2, 3  The most important and sometimes 
the only manifestation of PKU is mental retardation.2  Patients may present with 
constitutional, intellectual and neurologic abnormalities and signs as well as 
hypopigmentation of the skin and hair and iris rapidly develop due to impaired metabolism 
of melanin.3  Seizures occur in a fourth of patients.2 

The odor of the phenylketonuric patient is that of phenylacetic acid described as mousy, 
barny, or musty.2 

Pathophysiology 
PKU results from a deficiency of activity of a liver enzyme, phenylalanine hydroxylase 
leading to increased concentrations of phenylalanine in the blood and other tissues.  
Elevated phenylalanine interfere with myelination, synaptic sprouting and dendritic 
pruning; and in addition, it competitively inhibits the uptake of neutral amino acids in the 
blood-brain barrier causing reduced tyrosine and tryptophan concentrations thereby 
limiting the production of neurotransmitters.3 

Inheritance: autosomal recessive2,3 

Confirmatory Testing 
The demonstration of decreased enzyme activity is confirmatory.3 However, in the 
presence of increased phenylalanine levels, it is important to differentiate phenylketonuria 
from a BH4 deficiency.  This is accomplished through administration of 
tetrahydrobiopterin (doses of 2mg/kg intravenously and 7.5-20mg/kd orally) which leads 
to a prompt decrease to normal in the concentration of phenylalanine.  Pterin metabolites 
in urine are likewise useful, demonstrating a very low biopterin and high neopterin levels.     
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Overview of Disease Management 
Dietary management is key to treatment.  The diet of patients has four components: (1) 
complete avoidance of food containing high amounts of phenylalanine; (2) calculated 
intake of low protein/phenylalanine natural food; (3) sufficient intake of fat and 
carbohydrates to fulfill the energy requirements of the patient and; (4) calculated intake 
of phenylalanine free amino acid mixture supplemented with vitamins, minerals and trace 
elements as the main source of protein.3 

Prognosis 
When treatment is started early and performed strictly, motor and intellectual development 
can be expected to be near normal.3,4 

Preliminary / Initial Management during Metabolic Crisis 
Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency. 

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect dried blood spot for phenylalanine levels.  May request 

for investigations (i.e. CBC, blood gas, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).  

  
If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with PKU milk formula 
or protein free formula at maintenance rate 

 Insert IV access.  Collect dried blood spot for phenylalanine levels.  May request 
for investigations (i.e. CBC, blood gas, etc.) as needed. 

 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours) 

  
* Children should not be protein restricted for longer than necessary (24-48 

hours) 
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*Inform metabolic doctor on call for further guidance regarding on-going 
management 
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HYPERPHENYLALANINEMIA 

Hyperphenylalaninemia is a general term that means that phenylalanine, an 
amino acid, accumulates in the blood and tissue of the body. This can be 
detected through newborn screening. The cause of increase of phenylalanine 
may be due to either a lack of enzyme (chemical scissors) or a lack of the co-
factor (a substance needed by the body to allow the enzyme to function 
properly). 

Clinical Manifestation 
Children with mild hyperphenylalaninemia do not have any symptoms. While 
the amino acid -phenylalanine is increased in their body, it has been determined 
that these increases are not harmful to the child. However, monitoring of their 
blood phenylalanine levels is required. 

Pathophysiology 
Mild hyperphenylalaninemia is a mild form of phenylketonuria, a condition 
which causes accumulation of the amino acid phenylalanine in the body due to a 
slight decrease of the enzyme or chemical scissor known as phenylalanine 
hydroxylase. 

Inheritance: autosomal recessive  

Overview of Disease Management 
There is no need to treat mild hyperphenylalaninemia and your child can have a 
regular diet. However, it is recommended that periodic monitoring of blood 
phenylalanine levels should be done. 

What to do 

Since there is no treatment needed for this condition, there are no special 
recommendations to be done when your child is sick.   
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6-PTPS DEFICIENCY 
Phenylalanine hydroxylase requires BH4 for activity in the hydroxylation to 
tyrosine.3 A deficiency of BH4 can result in increased phenylalAnine levels in 
the blood. It is important to note that BH4 is also a co-factor of the enzymes 
tyrosine and tryptophan hydroxylase.1 

Clinical Manifestation 
Patients are normal at birth but some may present with early hypotonia; 
developmental delay may be apparent by the 2nd to 3rd month presenting with 
seizures and leading to a progressive neurological degenerative disease.3 

Pathophysiology 
The lack of the cofactor causes increases of phenylalanine in the blood and other 
tissues. Similar to phenylketonuria, elevated phenylalanine interfere with 
myelination, synaptic sprouting and dendritic pruning.4  

Inheritance: autosomal recessive 1,3  

Confirmatory Testing 
The administration oftetrahydrobiopterin (doses of 2mg/kg intravenously or7.5-
20 mg/kg orally) leads to a prompt decrease to normal in the concentration of 
phenylalanine.1,3 Pterin metabolites in urine are likewise useful, demonstrating a 
very low biopterin and high levels.  

Overview of Disease Management 
Patients with defects in pterin metabolism, especially with abnormalities of BH4 
synthesis should be treated with BH4 with a daily dose of 2-Smg/kg.3 Patients 
are also supplemented with levodopa {8-12 mg/kg/day) and 5-OH Tryptophan 
(6-9mg/kg/ day)5 

Prognosis 

When treatment is started early, motor and intellectual development can be 
normal.3 
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What to do  

The medications should be continued and consult with a doctor as needed should 
be done. 

*Patients with 6-PTPS Deficiencies are not prone to metabolic crisis. 
Medications are to be maintained when they are sick. 

*If there are queries about the management, contact the metabolic doctor on 
call. 
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TYROSINEMIA TYPE I (HEPATORENAL TYROSINEMIA) 
Tyrosinemia is also known as hepatorenal tyrosinemia, tyrosinemia type 1, tyrosinosis or 
hereditary tyrosinemia.1 The deficient enzyme is fumarylacetoacetase.2 

Clinical Manifestation 
Tyrosine-I is usually asymptomatic in newborns, but if left untreated it affects liver, 
kidney, bone, and peripheral nerves.3 Two patterns are reported: an acute or chronic form.  
The acute form presents with acute hepatic decompensation where infants are noted to 
have jaundice, abdominal distention, failure to thrive, ascites and hepatomegaly, renal 
disease is also prominent and a “boiled cabbage” odor in urine is observed; the chronic 
liver disease feature is that of hepatic cirrhosis.4 

Pathophysiology 
The deficient enzyme, fumarylacetoacetase catalyzes the last step in tyrosine degradation.2 
The increased concentrations of tyrosine and its metabolites is postulated to inhibit many 
transport functions and enzymatic activities.3  

Inheritance: autosomal recessive2  

Confirmatory Testing 
Confirmation can be done through plasma amino acid levels (increased tyrosine) and urine 
metabolic screening (increased succinylacetone).2  

Overview of Disease Management 
Treatment options for tyrosinemia include dietary therapy (restriction of phenylalanine 
and tyrosine), liver transplantation and use of the pharmacologic agent 2(2-nitro-4-
trifluoro-methylbenzoyl)-1,3-cyclohexanedione or NTBC (1mg/kg).3  

Prognosis 

If untreated, death from liver failure may occur in the first year of life.4  

Preliminary / Initial Management during Metabolic Crisis 

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency. 
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What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem except medications 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect samples for blood glucose, plasma amino acids, liver 

function tests, coagulation studies and urine succinylacetone.  May request for 
investigations (i.e. CBC, blood gas, etc.) as needed. 

 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Start nitisinone (2mg/kg) per orem 
 Monitor input and output strictly (q6 hours).  

 
 If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with TYR milk formula 
or protein free formula at maintenance rate 

 Insert IV access.  Collect samples for blood glucose, plasma amino acids, liver 
function tests, coagulation studies and urine succinylacetone.  May request for 
investigations (i.e. CBC, blood gas, etc.) as needed 

 Start D12.5% 0.3NaCl at 5-10 cc/hr. 
 Start nitisinone (2mg/kg) per orem 
 Monitor input and output strictly (q6 hours) 

  
* Children should not be protein restricted for longer than necessary (24-48 hours) 

*Inform metabolic doctor on call for further guidance regarding on-going management 
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TYROSINEMIA TYPE II 
Tyrosinemia Type II is also known as oculocutaneous tyrosinemia or Richner-Hanhart 
syndrome. The deficient enzyme is tyrosine aminotransferase.1  

Clinical Manifestation 
The most important manifestation are those involving the eye. which can lead to corneal 
scarring and permanent visual impairment .1 Patients report lacrimation, photophobia and 
eye pain.2 Cutaneous lesions are painful keratoses which occur particularly on peripheral 
pressure bearing areas of the palms and soles.1,2,3  

Pathophysiology 
Tyrosine aminotransferase normally converts tyrosine to p-hydroxyophenylpyruvic acid 
which is the rate-limiting step in the metabolism of tyrosine. The increased concentration 
of tyrosine and its metabolites is postulated to inhibit many transport function and enzymatic 
activities.2  

Inheritance: autosomal recessive 1, .3  

Confirmatory Testing 

Confirmation can be done through plasma amino acid analysis and enzyme testing 1,3  

Overview of Disease Management 
The treatment consists of the institution of a diet low in tyrosine and phenylalanine through 
protein restriction and supplementation of a special milk formula.1,2,3  

Prognosis 
If left untreated, visual impairment and mental retardation may occur 1•3 

What to Do 

If unwell and cannot tolerate oral intake 
 Nothing per orem 
 Ensure patient's airway is secure 
 Insert IV access. Collect samples for blood glucose, plasma amino acids, liver 

function tests and coagulation studies. May request for investigations (i.e., CBC, 
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blood gas, etc) as needed 
 May give fluid boluses if patient requires  
 Start D12.55 0.3NaCI at full maintenance. Assess patient clinically, if there is need 

to increase fluid, may do so up to 1.2 to 1.Sx the maintenance 
 Monitor input and output strictly (q6 hours) 

  
If unwell and can take oral intake: 

 Insert oro- or asogastric tube and start continuous feeding with TYR milk formula 
or protein free formula at maintenance rate 

 Insert IV access. Collect samples for blood glucose, plasma amino acids, liver 
function tests and coagulation studies. May request for investigations (i.e., CBC, 
blood gas, etc) as needed 

 Start D12.5% 0.3 NaCl at -10 cc/hr Monitor input and output strictly (q6 hours) 

  
*Children should not be protein restricted for longer than necessary (24-48 hours) 

*Inform metabolic doctor on call for further guidance regarding on-going management 

References 
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ENDOCRINE DISORDERS 

CONGENITAL ADRENAL HYPERPLASIA 

Congenital Adrenal Hyperplasia (CAH) is a group of disorders resulting from 
enzymatic defects in the biosynthesis of steroids. There are many enzymes 
involved in the synthesis of adrenal hormones but in about 90% of CAH, it is due 
to 21-dydroxylase deficiency. Others are due to cholesterol desmolase 11β-
hydroxylase deficiency, 17β-hydroxylase deficiency and 3β-hydroxysteroid 
dehydrogenase.  All forms of CAH are inherited in an autosomal recessive pattern. 
The Philippine NBS data as of December 2018 reports that 1 out of 19,668 
screened newborns have CAH.  

Pathophysiology  
21-Hydroxylase deficiency results in decreased cortisol and aldosterone 
production which in turn causes increased adrenocorticotropic hormone (ACTH) 
secretion. High ACTH levels result in hyperplasia of the adrenal cortex. The 
precursor steroids behind the block are diverted to the androgen biosynthetic 
pathway, resulting in excess production of androgens that cause virilization in 
females and precocious puberty in males. The decrease in the production of 
aldosterone in CAH results in salt and water imbalance. 

Clinical Features 
 Salt-wasting 

 Simple virilizing 

 Late onset 

Neonates with the salt-wasting (SW) form manifest adrenal crisis in the first 2-4 
weeks of life characterized as poor feeding, vomiting, loose stools or diarrhea, 
weak cry, failure to thrive, dehydration and lethargy. If untreated, the affected 
newborn will die in a severe salt-losing crisis with hypoglycemia and 
hypotension. The baby who survives may have brain damage. Affected females 
usually present with ambiguous genitalia.  
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Diagnosis 
Newborn Screening for 21-hydroxylase deficiency is done by measuring the 17-
OHP level on dried blood spot. Infants with normal birth weight and a mild 
elevation of 17-OHP undergo repeat dried blood spot collection. Infants with 
moderate to severe elevation of 17-OHP and those who are low birth weight with 
mild elevation are referred to a pediatric endocrinologist for evaluation.  Plasma 
17-OHP, Na, K, cortisol and RBS are requested to confirm the condition. In cases 
of discrepancies between the plasma 17-OHP and clinical parameters, more 
extensive diagnostic evaluation is recommended: ACTH stimulation test and/or 
DNA mutation studies. 

Overview of Disease Management 
The mainstay of treatment in CAH is glucocorticoid and mineralocorticoid 
replacement therapy which corrects the cortisol deficiency and reverses the 
abnormal hormonal patterns. Patients with deficiencies of mineralocorticoids 
require the appropriate replacement hormones. Glucocorticoid replacement must 
be increased during periods of stress. The majority of female patients with 
prenatal virilization require surgical repair. Heterozygous carrier detection, 
prenatal diagnosis, and prenatal therapy are available for families with 21-
hydroxylase deficiency and are often used in 11β-hydroxylase deficiency. Regular 
endocrine clinic visits for monitoring of physical growth and development as well 
as biochemical 17-OHP and/or cortisol measurements are recommended for 
optimal management. Genetic counseling is recommended. 

Prognosis 
Newborn screening makes early diagnosis and early treatment possible. Early 
treatment to prevent adrenal crisis is lifesaving in cases of salt-wasting CAH. 
Early diagnosis prevents inappropriate sex assignment for affected females of the 
simple virilizing (SV) form. This is very important due to the psychological and 
legal implications of wrong gender assignment. Progressive effects of excess 
androgens such as short stature and psychosexual disturbance in male and female 
patients are also prevented if appropriate treatment is given and monitored 
closely. 
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CONGENITAL HYPOTHYROIDISM 

Congenital hypothyroidism (CH) is one of the most common preventable causes 
of mental retardation in children. According to the Philippine NBS data, 
(December 2018) 1 out of 2,805 screened newborns has CH. The most common 
etiology of CH is thyroid dysgenesis (TD): absent thyroid, ectopic or hypoplastic 
thyroid. In rare cases, CH results from mutations in the genes that control thyroid 
gland development including thyroid transcription factor (TTF-2) and paired box-
8 protein (PAX-8 ). Rapid detection by newborn screening, prompt confirmatory 
testing and Levothyroxine administration can prevent severe mental retardation 
and impaired growth due to CH.  

Pathophysiology  
Normal thyroid hormone levels in the body are maintained by a feedback 
mechanism involving the hypothalmus, pituitary and thyroid gland. The 
hypothalamus senses low circulating levels of thyroid hormone (T3 and T4) and 
responds by releasing thyrotropin releasing hormone (TRH). TRH stimulates the 
anterior pituitary to produce thyroid stimulating hormone (TSH). TSH, in turn, 
stimulates the thyroid gland to produce thyroid hormone until levels in the blood 
return to normal. Normal thyroid hormone levels exert a negative feedback to the 
hypothalamus and the anterior pituitary, thus controlling the release of both TRH 
from hypothalamus and TSH from anterior pituitary gland. When the thyroid 
gland does not produce enough T4 and T3, the pituitary gland compensates by 
producing high levels of TSH. This biochemical profile of low T4 level and high 
TSH is a pattern consistent with Primary CH. Having the correct level of thyroid 
hormone in the body is important, especially in the first two years of life, because 
it ensures normal growth and normal development of the brain, bones and nervous 
system. 
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Figure 25. The hypothalamic-pituitary-thyroid axis (HPT axis) 

  

Clinical Features 
Signs and symptoms of hypothyroidism: 

 Decreased activity 
 Large anterior fontanelle 
 Poor feeding 
 poor weight gain 
 Small stature or poor growth 
 Prolonged Jaundice 
 Decreased stooling or constipation 
 Hypotonia 
 Hoarse cry or weak cry  
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 Developmental delay 
  
Some physical signs of hypothyroidism that may or may not be present at birth: 

 Coarse facial features 
 Macroglossia 
 Large fontanelles 
 Umbilical hernia 
 Mottled, cool, and dry skin 
 Pallor 
 Myxedema 
 Goiter  

  

Diagnosis 
Newborn screening for primary CH is done by determining the thyroid stimulating 
hormone (TSH) level on a dried blood spot. If the TSH is significantly elevated, 
this signifies that the baby is at risk for CH and therefore needs confirmatory 
thyroid tests.  An elevated serum TSH and a low serum FT4 confirms 
hypothyroidism. Thyroid imaging (thyroid scan or ultrasound) is recommended 
to document etiology of CH. 

Overview of Disease Management 
Immediate diagnosis and treatment of congenital hypothyroidism in the neonatal 
period is critical to normal brain development and physical growth. Treatment 
started within the first two weeks of life usually prevents neurodevelopmental 
delays. Recommended treatment is the lifetime daily administration of 
Levothyroxine. Only the tablet form of Levothyroxine is currently approved for 
therapeutic use. The tablets should be crushed, mixed with a few milliliters of 
water, and fed to the infant directly into the mouth. It is not recommended that 
Levothyroxine be mixed with soy formula or with formula containing iron, as 
these interfere with absorption of the medication. Thyroid hormone replacement 
and medical monitoring are required for life. 

Children with congenital hypothyroidism should be monitored clinically and 
biochemically. Clinical parameters should include linear growth, weight gain, 
head circumference, developmental progression, and overall well-being. Serum 
T4 or FT4 and TSH should be monitored at regular intervals.   The following is 
the recommendation of the American Academy of Pediatrics   
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 at 2 and 4 weeks after initiation of T4 treatment 
 every 1 to 2 months during the first 6 months of life 
 every 3 to 4 months between 6 months and 3 years of age 
 every 6 to 12 months thereafter until growth is completed 
 after 4 weeks if medication is adjusted 
 at more frequent intervals when compliance is in question or abnormal 

values are obtained. 

 However, these guidelines on biochemical parameters may be modified by the 
specialist depending on the clinical status of the patient. 

Such evaluations are especially important in children whose treatment was 
delayed beyond 1 month of life, or in patients whose treatment is inconsistent 
(non-compliance).  

Prognosis 
Early diagnosis and optimal treatment of congenital hypothyroidism prevents 
severe mental retardation, neurologic complications and physical delays. Even 
with early treatment, some children may demonstrate mild delays in areas such as 
reading comprehension and arithmetic. Although continued improvement in IQ 
has been documented in treated patients through adolescence, some cognitive 
problems may persist. These may include problems in visuospatial, language, and 
fine motor function. Defects in memory and attention have been reported. 

  

 

 

  



 
 
NCNBSS Manual of Operation 

 
 

99 

FATTY ACID OXIDATION DISORDERS 
 FAOD includes: 
 Medium chain acyl co-A dehydrogenase deficiency (MCAD) 
 Very long chain acyl Co- A dehydrogenase deficiency (VLCAD) 
 Long chain hydroxyacyl co-A dehydrogenase deficiency (LCHAD) 
 Trifunctional protein deficiency (TFI) 
 Carnitine Palmitoyl Transferase Deficiency Type 1 
 Carnitine Palmitoyl Transferase Deficiency Type 2 
 Carnitine Uptake Defect  
 Glutaric Aciduria Type 2  

Pathophysiology 
FAOD are caused by the deficiency or absence of any of the enzymes needed for beta-
oxidation.  Children born with this condition appear normal at birth but untreated patients 
may present with low blood sugar which can lead to seizures, coma and death.  One type 
of FAOD, VLCAD (or very long chain acyl-CoA dehydrogenase deficiency) may present 
with cardiomyopathy and increased creatine kinase (CK) levels. 

Inheritance: Autosomal recessive 

Overview of Disease Management 
Treatment is through the dietary restriction of fat.  VLCAD patients are treated with a 
special milk formula containing medium chain triglycerides.    

Preliminary / Initial Management During Metabolic Crisis 
Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state and 
prevent hypoglycemia.  

What to Do: 
If unwell and cannot tolerate oral intake:  

 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  For patients with VLCAD, collect 

samples for serum CK.  May request for other investigations (i.e. CBC, Blood gas) 
as needed.  May give fluid boluses if patient requires.  
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 Start D10% 0.3 NaCl at full maintenance.  Assess patient clinically, if there is need 
to increase fluid, may do so up to 1.2 or 1.5X the maintenance. 

 Monitor input and output strictly (q6 hours).  Check for the color of urine. 

 

If unwell and is able to tolerate oral intake:  

 Insert oro- or nasogastric tube and start continuous feeding with a high glucose 
formula  

 Insert IV access.  Monitor glucose levels.  For patients with VLCAD, collect 
samples for serum CK.  May request for other investigations (i.e. CBC, Blood gas) 
as needed.  May give fluid boluses if patient requires.  

 Start D10% 0.3 NaCl at 5-10 cc/hr. 
 Monitor input and output strictly (q6 hours). Check for the color of urine. 

 
*Patients with VLCAD may have rhabdomyolysis.  Monitor CK levels and hydrate 
adequately.  If CK levels continually rise, hemodialysis may be indicated. 

* Inform metabolic doctor on call for further guidance regarding on-going management. 
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MEDIUM CHAIN ACYL-COA DEHYDROGENASE  

Medium chain acyl-CoA dehydrogenase (MCAD) deficiency is the most common 
defect of fatty acid oxidation.1    

Clinical Manifestation 
MCAD deficiency has a very wide spectrum of clinical presentations ranging 
from benign hypoglycemia to coma and death.2 Two presentations have been 
noted: (1) hypoketotic hypoglycemia or Reye syndrome which occurs within the 
first two years of life and (2) the chronic disruption of muscle function which 
include cardiomyopathy, weakness, hypotonia and arrhythmia.2,3  In addition, 
MCAD deficiency has been shown to be associated with sudden infant death 
syndrome (SIDS).4 A “metabolic stress” such as prolonged fasting often in 
connection with viral infections is usually required to precipitate disease 
manifestations but patients are completely asymptomatic between episodes.2    

Pathophysiology 
MCAD catalyzes the initial step in the β-oxidation of C12-C6 straight chain acyl-
CoAs and MCAD deficiency results in a lack of production of energy from β-
oxidation of medium chain fatty acids and hepatic ketogenesis and 
gluconeogenesis.4  
    
Inheritance: autosomal recessive4 

  

Confirmatory Testing 
Urine organic acid profile will show medium chain dicarboxylic aciduria.4 
Measurement of the specific MCAD enzyme activity in disrupted cultures skin 
fibroblasts, lymphocytes, or tissue biopsies from muscle can confirm the 
diagnosis.2  Rapid screening is available for two of the most common mutations 
which account for over 93% of all MCAD mutations (A985G and 4 bp deletion).4 
  

Overview of Disease Management 
Treatment consists of avoidance of prolonged fasting by instituting frequent 
feedings with a carbohydrate rich diet and provision of supplementary nocturnal 
uncooked cornstarch.2  The use of carnitine is still under debate.2,4 
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Prognosis 

Most authors report a mortality rate of 20-25% during the initial decompensation.  
Although the majority of children survive their initial episode, a significant 
amount of children who survived and perhaps children who have experienced 
clinically unrecognized episodes, suffer from long term sequelae and about 40% 
are judged to have developmental delay.2  Long term outcome remains dependent 
on constant monitoring for early signs of illness and rapid medical intervention to 
prevent complications.3 

 Preliminary / Initial Management during Metabolic Crisis 

 Metabolic crises may be caused by illness, prolonged fasting or stressful 
situations such as surgery and severe infection.  The goal of treatment is to reverse 
the catabolic state, correct the acidosis and prevent essential amino acid 
deficiency. 
  
What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. CBC, 

etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is need 

to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).    

 
If unwell and can tolerate oral intake: 

 Encourage regular feeding 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. CBC, 

etc.) as needed. 
 Start D10% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours).  

  
*Inform metabolic doctor on call for further guidance regarding on-going 

management 
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VERY LONG-CHAIN ACYL-COA DEHYDROGENASE  
Very long-chain acyl-CoA dehydrogenase catalyzes the dehydrogenation of C22-C12 
straight chain fatty acids, and because the long chain fatty acids constitute a major 
proportion of the fatty acids, VLCAD deficiency is generally a more severe condition than 
MCAD or SCAD deficiency and multiple tissues are affected.  

Clinical Manifestation 
The clinical presentation of symptomatic VLCAD deficiency is heterogenous with 
phenotypes of different severities., There are three forms described: (1) severe childhood 
form with neonatal onset and cardiomyopathy; (2) milder childhood form with delayed 
onset of symptoms often triggered by metabolic stress and presents as hypoketotic 
hypoglycemia and; (3) adult form which presents with isolated skeletal muscle 
involvement with recurrent episode of muscle pain, rhabdomyolysis and 
myoglobinuria.1,2  

Pathophysiology 
VLCAD catalyzes the dehydrogenation of acyl CoA esters of 14-20 carbon length in the 
first step of mitochondrial fatty acid oxidation.2,3  VLCAD deficiency results in lack of 
production of energy from β-oxidation of long-chain fatty acids, because heart and muscle 
tissue depend heavily on energy from long chain fatty acid oxidation, a VLCAD 
deficiency severely affect these tissues.1  

Inheritance: autosomal recessive1 

Confirmatory Testing 
The enzyme defect can be detected through culture skin fibroblasts.1 The gene for VLCAD 
has been cloned and sequenced successfully and play a role in diagnosis of this disorder.3  

Overview of Disease Management 
Treatment of this disorder include avoidance of fasting by frequent feeding, overnight 
continuous feeding, reduction of amount of long chain fat in diet while supplying essential 
fatty acids in the form of canola, walnut oil or safflower oil and supplementation with 
medium chain triglycerides.1,3  

For the adult muscular form, it is advised to have a high carbohydrate intake prior to 
exercise to prevent lipolysis and to restrict physical activity to levels that are not likely to 
precipitate an attack of rhabdomyolysis.1 
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Prognosis 
Fifty percent of patients die within 2 months of initial symptomatology.3 However, timely 
and correct diagnosis leads to dramatic recovery so that early detection could prevent the 
onset of arrhythmias, heart failure, metabolic insufficiency and death.  

Preliminary / Initial Management during Metabolic Crisis  

Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency.  

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  Collect samples for urine ketones 

and serum creatine kinase (CK).  May request for investigations (i.e. CBC, 
liver transaminases, blood gas, etc.) as needed. 

 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there 

is need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).  Check color of urine and may 

request for urinalysis to check for urine myoglobin.  
 
If unwell and can tolerate oral intake: 

 Encourage regular feeding 
 Insert IV access.  Monitor glucose levels.  Collect samples for urine ketones 

and serum creatine kinase (CK).  May request for investigations (i.e. CBC, 
liver transaminases, blood gas, etc.) as needed. 

 Start D10% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours). Check color of urine and may 

request for urinalysis to check for urine myoglobin. 
  
*Inform metabolic doctor on call for further guidance regarding on-going management. 
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LONG CHAIN L-3 HYDROXYACYL-COA 
DEHYDROGENASE  
Long chain L-3 hydroxyacyl-CoA dehydrogenase (LCHAD) is a component of 
trifunctional protein.1  Isolated LCHAD deficiency catalyzes the third step in the fatty acid 
oxidation spiral, converting long chain 3-hydroxyacyl-CoA esters into long chain 3-keto-
CoA species by using NAD as a cofactor.2  

Clinical Manifestation 
Patients exhibit moderate or severe multiorgan involvement either neonatally or during 
the first two years of life.3 They may present in the first year of life with hypoketotic 
hypoglycemia and liver dysfunction, Reye syndrome-like symptoms, seizures, coma and 
death.2 By adolescence, ophthalmologic abnormalities including loss of visual acuity, 
chorioretinal atrophy, progressive retinitis pigmentosa and peripheral sensorimotor 
polyneuropathy may be observed.2,3,4 Up to 40% of symptomatic patients may have 
tachycardic arrhythmias, apneic episodes, cardiopulmonary arrest and unexplained death.2 

Pathophysiology 
Since the enzyme LCHAD is part of the fatty acid oxidation, a deficiency causes a problem 
in the energy utilization of the body which causes the presentation of signs and symptoms 
as listed above.1   

Inheritance: autosomal recessive2 

Confirmatory Testing 
Confirmatory testing is done through enzyme assays performed in cultured cells such as 
skin fibroblasts.2  The common mutation G1528C has been identified in affected 
individuals and may be used for confirmation.3   

Overview of Disease Management 
Primary goal of treatment is to avoid metabolic stress brought about by infection and long 
periods of fasting.  Patients should be given frequent feedings, supplementation with 
medium chain triglycerides, an overnight infusion of cornstarch.2,5  Treatment with L-
carnitine remains controversial.6 
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Prognosis 
Patients with LCHAD deficiency who present symptomatically often die during the acute 
episode or suffer from sudden, unexplained death and mortality occurs in approximately 
38%.2 

Preliminary / Initial Management during Metabolic Crisis  

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency. 
  
What to Do 

If unwell and cannot tolerate oral intake: 

 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  Collect samples for urine ketones and 

serum creatine kinase (CK).  May request for investigations (i.e. CBC, liver 
transaminases, blood gas, etc.) as needed. 

 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is need 

to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).  Check color of urine and may request 

for urinalysis to check for urine myoglobin. 
 
If unwell and can tolerate oral intake:  

 Encourage regular feeding 
 Insert IV access.  Monitor glucose levels.  Collect samples for urine ketones and 

serum creatine kinase (CK).  May request for investigations (i.e. CBC, liver 
transaminases, blood gas, etc.) as needed. 

 Start D10% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours). Check color of urine and may request 

for urinalysis to check for urine myoglobin. 
 
*Inform metabolic doctor on call for further guidance regarding on-going 

management 
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TRIFUNCTIONAL PROTEIN DEFICIENCY 
The mitochondrial trifunctional protein (TFP) is a multienzyme complex of the β-
oxidation cycle composed of four α-subunits harbouring long-chain enoyl-CoA hydratase 
and long chain L-3-hydroxyacyl-CoA dehydrogenase and four β-subunits encoding long 
chain 3-ketoacyl-CoA thoilase.1 General or complete TFP deficiency is defined and occurs 
when markedly decreased activity of all three enzymatic components, LCHAD, long chain 
2,3 enoyl CoA drasate and LKAT exist.2 

Clinical Manifestation 
General TFP deficiency has three phenotypes: the lethal phenotype presenting with lethal 
cardiac failure or sudden death due to arrhythmias, the hepatic phenotype and the 
neuromyopathic phenotype that has later-onset, episodic, recurrent skeletal myopathy 
with muscular pain and weakness often induced by exercise or exposure to cold and 
peripheral neuropathy.2, 3   

It is important to note that fetuses with complete TFP deficiency can cause maternal liver 
diseases of pregnancy.2 

  

Pathophysiology 
Mitochondrial fatty acid β-oxidation is a major energy-producing pathway.4 Any defect 
in any enzyme may cause the characteristic signs and symptoms which include 
hypoketotic hypoglycemia.2 

  
Inheritance: autosomal recessive2 

  

Confirmatory Testing 
Confirmatory testing is through the demonstration of decreased enzyme activity on 
cultured fibroblast.2  Mutations in the HADHA and HADHB genes may result in 
mitochondrial trifunctional protein deficiency5 and may play a role in confirmation.  

Overview of Disease Management 
Treatment includes avoidance of fasting, reduced long-chain fat intake, supplementation 
with medium chain triglycerides, supplementation with fat-soluble vitamins, and 
avoidance of other potential stressors such as prolonged exercise.2  
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Prognosis 
Patients with metabolic crises do well unless the hypoglycemia and seizures are prolonged 
and cause developmental delay, older onset patients with rhabdomyolysis can reduce 
episodes significantly with dietary management and do well.2  

Preliminary / Initial Management during Metabolic Crisis 

Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency. 

What to Do 

If unwell and cannot tolerate oral intake:  
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  Collect samples for urine ketones and 

serum creatine kinase (CK).  May request for investigations (i.e. CBC, liver 
transaminases, blood gas, etc.) as needed. 

 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is need 

to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).  Check color of urine and may request 

for urinalysis to check for urine myoglobin.  
 
If unwell and can tolerate oral intake: 

 Encourage regular feeding 
 Insert IV access.  Monitor glucose levels.  Collect samples for urine ketones and 

serum creatine kinase (CK).  May request for investigations (i.e. CBC, liver 
transaminases, blood gas, etc.) as needed. 

 Start D10% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours). Check color of urine and may request 

for urinalysis to check for urine myoglobin. 
  

*Inform metabolic doctor on call for further guidance regarding on-going 
management 

  

 

 



 
 
NCNBSS Manual of Operation 

 
 

112 

Reference 
1Speikerkoetter U, Khuchua Z, Yue Z et al.General Mitochondrial Trifunctional Protein (TFP) Deficiency as a 
results of eitherαorβ-subunit mutations exhibits imilar phenotypes because mutation in either subunit alter 
TFP complex expression and subunit turnover.Ped Res 2003l55(2):1-7. 

 2Hsu HW, Zytkovicz TH, Comeau AM et al.Spectrum of Medium chain acyl-coA dehydrogenase deficiency 
detected by newborn screening.Pediatrics 2008;121:e1108-e1114. 

 3Kamijo T, Wanders RJA, Saudubray JM et al.Mitochondrial Trifunctional Protein Deficency.J Clin Invest 
1994;93:1740-1747. 

 4Nyhan WL, Barshop BA and Ozand P. Chapter 37: Carnitine transporter deficiency. Atlas of Metabolic 
Diseases2nded. Great Britain:Oxford University Press, 2005 pp 246-250. 

5http://ghr.nlm.nih.gov/condition/mitonchondrial-functional-protein-deficiency Accessed 30 April 2012 

 

  

  



 
 
NCNBSS Manual of Operation 

 
 

113 

CARNITINE PALMITOYLTRANSFERASE TYPE I 
DEFICIENCY 

 
CPT1 is an ezyme of the outer mitochondrial membrane that converts long chain 
fatty acyl molecules to their corresponding acylcarnitines which are then 
transported across the inner mitochondrial membrane for β-oxidation in the 
mitochondrial matrix. 1  CPT1 catalyzes the rate limiting step of long chain fatty 
acid import into the mitochondria and is the main regulatory enzyme of the 
system.2  
  
Clinical Manifestation 
This disorder presents usually in infancy, often in the second six months, with 
acute hypoketotic hypoglycemia, metabolic acidosis with raised transaminases, 
hepatomegaly, hepatosteatosis and mild to moderate hyperammonemia during an 
episode of fasting brought in by an intercurrent, usually viral illness, or 
gastroenteritis.1,3  Patients may present with a range of cardiac arrhythmias 
including sudden cardiac arrest and death may occur during an acute presentation 
but surviving infants may suffer with severe developmental delay and intellectual 
impairment as a result of cerebral bioenergetic failure.1  Cardiac or skeletal muscle 
involvement is not common.4  

Pathophysiology 
Three different isoforms exist including the liver, muscle and brain, with only the 
liver-type showing deficiency in humans.3 Deficiency of CPT1 in the liver results 
in a failure of acylcarnitine formation and hence little or no entry of LCFA into 
mitochondria for oxidative metabolism.1,3 

Inheritance: autosomal recessive3 

Confirmatory Testing 
There is note of high plasma carnitine concentrations with more than 90% in the 
free form.1  Organic acid analysis of the urine is notable for the absence of 
dicarboxylic aciduria, hydroxycarboxylic aciduria and absence of ketones.3   The 
condition is confirmed by the assay of CPT1 in fibroblasts whose activity is 
reduced to 5-20%. 
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Overview of Disease Management 
The major element in management is the avoidance of fasting and in the presence 
of intercurrent infection or other cause of vomiting or anorexia in which the oral 
route is excluded, the provision of intravenous glucose is essential.3 Reduction of 
intake of long chain fats appears prudent and medium chain triglycerides may be 
substituted.1,3  

Prognosis 
Survival through infancy without symptoms has been reported and between 
episodes of metabolic decompensation individuals appear developmentally and 
cognitively normal unless there has been previous neurologic damage secondary 
to a metabolic decompensation.4   
  

Preliminary / Initial Management during Metabolic Crisis 

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency. 
 

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. 

CBC, CK, liver transaminases, blood gas, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).  

 
If unwell and can tolerate oral intake: 

 Encourage regular feeding 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. 

CBC, CK, liver transaminases, blood gas, etc.) as needed. 
 Start D10% 0.3NaCl at 5-10 cc/hr 



 
 
NCNBSS Manual of Operation 

 
 

115 

 Monitor input and output strictly (q6 hours). 
  

*Inform metabolic doctor on call for further guidance regarding on-going 
management 
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 4Bonnefont JP, Djouadi F, Prip-Buus C et al.Carnitine palmitoyltransferases 1 and 2: biochemical, molecular 
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 5Bilic E, Deliu M, Brinar V et al.Carnitine palmitoyltransferase type 2 deficiency – case report and review of 
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CARNITINE PALMITOYLTRANSFERASE TYPE II 
DEFICIENCY 

Carnitine Palmitoyltransferase Type II (CPT2) is responsible for the last step of 
the carnitine dependent transport system.1  In these disorders, long-chain 
acylcarnitines are translocated across the inner mitochondrial membrane but are 
not efficiently converted to acyl-CoAs.2  

Clinical Manifestation 
CPT2 has three phenotypes: (1) a fatal neonatal-onset form with non-ketotic 
hypoglycemia, liver disease, hypotonia, cardiomyopathy and congenital 
abnormalities; (2) infantile form with or without cardiac disease presents with 
liver and skeletal muscle involvement with episodes of decompensation and; (3) 
adult form presenting with muscle pain, stiffness and myoglobinuria.1, 3 The 
episodes are triggered by exertional exercise, cold, fever, infection or prolonged 
fasting.3,4 CPT2 presents frequently in adults with rhabdomyolysis and 
myoglobinuria triggered most often by prolonged exercise.4  

Pathophysiology 
In the adult form of CPT2 deficiency, the triggering circumstances of myolysis 
attacks are consistent with the fact that long chain fatty acids are the main energy 
source for skeletal muscle during fasting or prolonged exercise.1,3,4  It has been 
speculated that increased concentration of long-chain acylcarnitines in patient 
with the severe form of CPT2 deficiency may promote cardiac arrhythmia.2   Why 
the two clinical presentations of CPT2 deficiency differ both in age of onset and 
tissue expression pattern remains unresolved.2,3 

  
Inheritance: autosomal recessive1 

Confirmatory Testing 
The CPT2 activity measured in fibroblasts or lymphocytes from CPT2-deficient 
patients ranges from 5-25% of control values.2  

Overview of Disease Management 
Similar to all fatty acid oxidation defects, long term dietary therapy is aimed at 
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preventing any period of fasting; restriction of long chain fat intake along with 
medium chain triglyceride supplementation is recommended and in the muscular 
form, preventive rhabdomyolysis attacks is based on frequent meals with 
carbohydrate extra-intake before and during prolonged exercise.2  

Prognosis 
The clinical condition of patients is normal between recurrent attacks and the 
frequency of attacks are variable ranging from asymptomatic to lethal but in all 
cases the symptomatology is restricted to the skeletal muscles without liver or 
heart involvement.2  

Preliminary / Initial Management during Metabolic Crisis  

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency.  

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  Collect samples for urine ketones and 

serum creatine kinase (CK).  May request for investigations (i.e. CBC, liver 
transaminases, blood gas, etc.) as needed. 

 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).  Check color of urine and may 

request for urinalysis to check for urine myoglobin.  
 
If unwell and can tolerate oral intake: 

 Encourage regular feeding 
 Insert IV access.  Monitor glucose levels.  Collect samples for urine ketones and 

serum creatine kinase (CK).  May request for investigations (i.e. CBC, liver 
transaminases, blood gas, etc.) as needed. 

 Start D10% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours). Check color of urine and may 

request for urinalysis to check for urine myoglobin. 
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*Inform metabolic doctor on call for further guidance regarding on-going 

management 
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CARNITINE UPTAKE DEFECT  

Carnitine uptake defect is also known as carnitine transporter deficiency.  It is due 
to an abnormality in the transportthat facilitates carnitine’s entry into certain cells.  
In some instances, it is has been found that neonates who test positive for this 
condition do not actually have the condition but instead reflect the decreased 
levels of their mothers.  

Clinical Manifestation 
Patients may present with hypoketotic hypoglycemia, modest hepatomegaly and 
Reye-like syndrome, progressive heart failure and muscle weakness.  Most 
patients present with a progressive cardiomyopathy associated with skeletal 
myopathy. 

Pathophysiology 
Carnitine is necessary for transport of long-chain fatty acids into mitochondria to 
enter the β-oxidation cycle.2  Genetic defects of the carnitine trasporter results in 
failure of tissues of the cardiac and skeletal muscle and in the renal tubules to 
concentrate intracellular levels of carnitine, thus reducing available cofactor for 
the carnitine cycle.3 

Inheritance: autosomal recessive2 

Confirmatory Testing* 
Confirmation of the diagnosis can be made biochemically by monitoring the 
uptake of carnitine by skin fibroblasts in culture.3 

Overview of Disease Management 
Oral carnitine therapy at 100mg/kg/day into four divided doses is 
recommended.2,3  

Prognosis 
Patients on long term therapy report normal skeletal muscles tone, no episodes of 
metabolic decompensation, and essentially normal intellect.3  
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Preliminary / Initial Management during Metabolic Crisis  

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency.  

What To Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. 

CBC, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).   

 
If unwell and can tolerate oral intake: 

 Encourage regular feeding 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. 

CBC, etc.) as needed. 
 Start D10% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours) 

  
*Inform metabolic doctor on call for further guidance regarding on-going 

management.  
* If the baby’s confirmatory test is negative, consider doing plasma 

acylcarnitine analysis of the patient’s mother to rule out maternal CUD. 

 References 
1Chapter 37: Carnitine transporter deficiency. Nyhan WL, Barshop BA and Ozand P. Atlas of Metabolic 
Diseases2nded. Great Britain:Oxford University Press, 2005 pp 246-250. 

2Wilcken B.Disorders of Carnitine Cycle and Detection by Newborn Screening. Ann AcadMed2008;37 
(12):71-73. 

3Hsu HW, Zytkovicz TH, Comeau AM et al.Spectrum of Medium chain acyl-coA dehydrogenase deficiency 
detected by newborn screening.Pediatrics 2008;121:e1108-e1114. 
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MULTIPLE ACYL-COA DEHYDROGENATION 
DEFICIENCY  

Multiple acyl-CoA dehydrogenation deficiency (MADD) is a disorder of fatty 
acid, amino acid and choline oxidation caused by defects in any one of two 
flavoproteins, electron transport flavoprotein (ETF) or ETF:ubiquinone 
oxidoreducatase (ETF-QO) which affect some 14 dehydrogenases.1,2    

Clinical Manifestation 
Patients may present with cyclical vomiting, loss of appetite, progressive 
proximal muscle weakness particularly affecting neck, shoulder, hip and/or 
respiratory muscles but also chronic leg weakness and exercise intolerance with 
occasional rhabdomyolysis.1  The clinical phenotype is heterogenous and has been 
classified into three groups: neonatal onset with congenital anomalies (type 1), 
neonatal onset without anomalies (type 2) and mild and/or later onset (type 3).3 

The infant affected with this disorder presents with life-threatening illness in the 
first day of life presenting with tachypnea or dyspnea, profound metabolic 
acidosis and impressive hypoglycemia within a few hours of birth.2   The later on-
set of this disorder has presented with considerable variety.  In adolescents and 
adults, muscular or cardiac symptoms or episodic vomiting are usually first 
features suggestive for MADD.3 

Pathophysiology 
The metabolic defects result in impaired adenosine triphosphate (ATP) 
biosynthesis, excessive lipid accumulation in different organs and insufficient 
gluconeogenesis.3 The most characteristic pathological feature of MADD is 
increased intracellular neutral lipid storage, especially in skeletal muscle and liver 
which is observed as increased intracellular lipid droplets in both size and 
number.4 

Inheritance: autosomal recessive2,3 

Confirmatory Testing 
Diagnosis is based on both the urinary organic acid profile and the acylcarnitine 
pattern in dried blood/plasma.  Acylcarnitine analysis usually revelas increased 
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concentrations of several short-, medium- and long-chain acylcarnitines.  The 
characteristic urinary organic acid pattern comprises elevated levels of glutaric, 
ethylmalonic, 3-hydroxyisovaleric, 2-hydroxyglutaric, 5-hydroxyhexanoic, 
adipic, suberic, sebacic and dodecanedioic acid without relevant ketonuria 
especially if combined with glycine conjugates of C4 and C5 acids.3 

Overview of Disease Management 
Therapeutic management mostly comprises a diet restricted in fat and protein and 
the avoidance of fasting.1 Among the consequences of this disorder is a depletion 
of body stores of carnitine, thus, patients may benefit from carnitine 
supplementation.2 Some forms of this disorder are responsive to riboflavin (100 
to 300 mg/day)2 and the clinical response to pharmacological doses of riboflavin 
is usually rapid and striking.1   

Prognosis 
Early onset MADD is a disease with high mortality, the prognosis of late-onset 
MADD seems to be good;  nevertheless, 5% of patient reported in literature had 
died mainly during metabolic decompensations and in some patients, death could 
not be prevented despite the known diagnosis of MADD.3  

Preliminary / Initial Management during Metabolic Crisis  

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency.  

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. 

CBC, blood gas, kidney function etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).   
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If unwell and can tolerate oral intake: 
 Insert oro- or nasogatric tube and start continuous feeding with oresol at 

maintenance rate 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. 

CBC, blood gas, kidney function etc.) as needed. 
 Start D10% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours) 

  
*Inform metabolic doctor on call for further guidance regarding on-going 

management  
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condition in the southern Chinese population.Neurol Clin Neurosci 2013;1:163-167. 

  

 

  

 

  



 
 
NCNBSS Manual of Operation 

 
 

124 

ORGANIC ACIDURIAS 
Organic acidurias are a group of autosomal recessive disorder caused by the deficiency or 
absence of any of the enzymes needed for the breakdown of some proteins.  They derive 
their names from the substance that accumulates proximal to the block in the pathway.  
They are the following: 

• Propionic aciduria (PA) – due to a deficiency of propionyl-CoA carboxylase  
• Methylmalonic aciduria (MMA) – due to a deficiency of methymalonyl-CoA 

mutase 
• Isovaleric aciduria (IVA) – due to a deficiency of isovaleryl-CoA dehydrogenase 
• 3– Methylcrotnyl CoA Carboxylase Deficiency [3-MCC] 
• Beta Ketothiolase Deficiency 
• Glutaric Aciduria Type 1  
• Multiple Carboxylase Deficiency 

  
Untreated children with this condition may present with vomiting, irritability, drowsiness, 
rapid breathing and coma.  Patients with propionic aciduria and isovaleric aciduria may 
also have hyperammonemia.   As a result, untreated children may have encephalopathy, 
mental retardation or death.  

Treatment of Organic Acidurias 
Treatment is through the dietary restriction of protein.  Children may be given a special 
milk formula that is protein free. Carnitine and/or glycine are also prescribed. 

Preliminary / Initial Management During Metabolic Crisis 
Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state and prevent essential amino acid deficiency.  
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PROPIONIC ACIDEMIA 
Propionic Acidemia (PA) is an organic acidopathy also known was propionic aciduria and 
ketotic hyperglycinemia.1  It is due to the defective activity of propionyl CoA which is the 
first step in the pathway of propionate metabolism in which propionyl CoA, the product 
of the metabolism of isoleucine, valine, theronine and methionine is converted to 
methylmalonyl CoA acid then to succinyl CoA and oxidation in the citric acid cycle.2  

Clinical Manifestation 
Patients usually are healthy at birth but quickly develop overwhelming disease, which 
may be misinterpreted as sepsis or ventricular hemorrhage.3 Additional symptoms include 
vomiting, acidosis, dehydration, lethargy to coma, recurrent ketotic episodes, hypotonia, 
seizures and hyperammonemia.4 Some patients may have acute-onset neurological 
symptoms described as metabolic strokes, arrhythmias, cardiomyopathy and an 
exfoliative rash.5 

Patients may also present with similar dysmorphic characteristics such as frontal bossing, 
widened nasal bridge, wide set eyes, epicanthal folds, long philtrum and upward curvature 
of the lips.4  

Pathophysiology 
Due to an increase in propionic acid, abnormal ketogenesis occurs because propionic acid 
is an inhibitor of mitochondrial oxidation and succinic and alpha-ketoglutaric acid.4 
Inhibition of glycine cleavage enzyme leads to hyperglycinemia adn the inhibition of N-
acetylglutamate synthase, an enzyme of the urea cycle, causes hyperammonemia.3   

Inheritance: autosomal recessive5 

Confirmatory Testing 
The predominant compound found in blood and urine is 3-hydroxypropionic acid; others 
may include tiglic acid, tiglyglycine, butanone and propionylglycine.5  Highly elevated 
levels of glycine in plasma and urine can be observed but confirmatory testing is through 
the demonstration of low levels of enzyme on cultured fibroblasts.3,5  

Overview of Disease Management 
Long-term treatment is the lifelong dietary restriction of isoleucine, valine, threonine and 
methionine.5 
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Carnitine supplementation is also given as well as metronidazole (10 days per month at 
10-20mg/kg/day) to reduce the significant propionate production of the bacterial intestinal 
flora.3  

Prognosis 

Despite early diagnosis and treatment, the neonatal onset form of PA is still complicated 
by early death in infancy or childhood while late onset forms reach adulthood but often 
are handicapped by severe extrapyramidal movement disorders and mental retardation; 
however, progress has been achieved in survival and prevention of neurologic sequelae in 
affected children with early diagnosis and treatment.3 

Preliminary / Initial Management during Metabolic Crisis  

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency.  

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem except medications 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect samples for ammonia, blood gas, electrolytes and urine 

ketones.  May request for investigations (i.e. CBC, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Give carnitine (100mg/kg/day) q6 hours. 
 Monitor input and output strictly (q6 hours).   

  
If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with protein free 
formula at maintenance rate 

 Insert IV access.  Collect samples for ammonia, blood gas, electrolytes and urine 
ketones.  May request for investigations (i.e. CBC, etc.) as needed. 

 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Give carnitine (100mg/kg/day) q6 hours. 
 Monitor input and output strictly (q6 hours) 
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* Monitor serum ammonia every 4 hours, if ammonia remain above 200mmol/L for three 
consecutive collections, medical treatment or hemodialysis may be indicated. 

* Children should not be protein restricted for longer than necessary (24-48 hours). 

*Inform metabolic doctor on call for further guidance regarding on-going management. 
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METHYLMALONIC ACADEMIA 
Methylmalonic academia (MMA) is due to a defect in metholmalonyl CoA mutase or a 
defect in the enzyme’s vitamin B12 derived co-factor 5’-deoxyadenosylcobalamin.1 
Among patients with a defect of methylmalonyl CoA mutase, two subgroups exist: Mut0 
patients have no enzyme activity while Mut- patients have a spectrum of residual 
activity.2   

Clinical Manifestation 
Patients present with severe metabolic crisis in the first months of life, progressive failure 
to thrive, feeding problems, recurrent vomiting, dehydration, hepatomegaly, lethargy, 
seizures and developmental delay.2 Some affected children may also have failure of linear 
growth, anorexia and developmental failure.3 Patients may have metabolic 
decompensations following bouts of acute illness or minor infections.2,3  They are prone 
to episodes of metabolic strokes that primarily affect the basal ganglia.3 

Neonates affected with MMA share similar physical characteristics such as high forehead, 
broad nasal bridge, epicanthal folds, long smooth philtrum and triangular mouth.3 Unique 
to this disorder is the development of chronic renal failure in the second decade in 20-60% 
of patients.2  

Pathophysiology 

Methylmalonyl CoA-mutase catalyzes the conversion of methylmalonyl CoA to succinyl 
CoA which can enter the tricarboxylic acid cycle.  This causes the accumulation of 
methylmalonate in the body which may be toxic to the brain and the kidneys. 

Inheritance: autosomal recessive2  

Screening: increase in propionylcarnitine on MSMS2,3  

Confirmatory Testing 
Urine metabolic screening reveal elevated methylmalonic acid, propionylglycine, 3-
hydroxypropionic acid and methylcitrate; plasma amino acids show elevated glycine, 
alanine and methionine.2  Definitive testing is the demonstration of decreased enzyme 
activity through cultured fibroblasts.3 
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Overview of Disease Management 
Vitamin B12 responsive MMA will benefit from the supplementation of the cofactor.3  
For patients with the absence or decreased activity of methylmalonyl CoA mutase are 
advised to limit natural protein intake and supplementation with an Amino Acid Mixture 
that is free of isoleucine, valine, methionine and threonine.2 Carnitine supplementation is 
considered an adjunct to therapy.3 

Intestinal bacteria can be a source of propionate and methylmalonate that is naturally 
produced in the gut, this can be reduced by giving metronidazole 10 days per month at 10-
20mg/kg/day, colistin or neomycin.2,3   

Prognosis 

The long-term outcome of in MMA is influenced by the underlying defect.4  Mut0 patients 
have the worst prognosis, most of the patients may have very early onset signs and 
symptoms that occur even before the results of NBS are available, and die immediately or 
survive with significant neurodevelopmental disability.3  Vitamin B12 responsive 
methylmalonic acidurias have a reasonable outcome.2 

Preliminary / Initial Management during Metabolic Crisis 

  
Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency. 

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem except medications 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect samples for ammonia, blood gas, electrolytes and urine 

ketones.  May request for investigations (i.e. CBC, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Give carnitine (100mg/kg/day) q6 hours. 
 Monitor input and output strictly (q6 hours).  
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If unwell and can tolerate oral intake: 
 Insert oro- or nasogatric tube and start continuous feeding with protein free 

formula at maintenance rate 
 Insert IV access.  Collect samples for ammonia, blood gas, electrolytes and urine 

ketones.  May request for investigations (i.e. CBC, etc.) as needed. 
 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Give carnitine (100mg/kg/day) q6 hours. 
 Monitor input and output strictly (q6 hours) 

  
* Children should not be protein restricted for longer than necessary (24-48 hours) 

*Inform metabolic doctor on call for further guidance regarding on-going management  
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ISOVALERIC ACIDEMIA  
Isovaleric acidemia (IVA) was the first organic acidemia to be described.  It is caused by 
a deficiency of isovaleryl-CoA dehydrogenase, an enzyme located proximally in the 
catabolic pathway of the essential branched-chain amino acid leucine.1 

Clinical Manifestation 
The clinical manifestation of IVA may be acute or chronic.  An acute or neonatal 
presentation is characterized by non-specific findings of vomiting, lethargy, poor feeding, 
seizures that may progress to a comatose state.2  A characteristic odor in the urine 
described as “sweaty feet” or “dirty socks” has been reported among patients with IVA.1,3  
It has also been found that in bone marrow cultures, isovaleric acid is an inhibitor of 
granulopoietic progenitor cell proliferation which accounts for the pancytopenia or 
thrombocytopenia found in patients.1  A chronic form may present with developmental 
delay or mental retardation.1,3  Both acute or chronic patients may suffer from metabolic 
crisis and are sometimes misdiagnosed as suffering from diabetic ketoacidosis because of 
the similarity in presentation: acidosis, hyperglycemia and ketosis.1   

Pathophysiology 
At present, the specific pathophysiology of IVA is unclear.  It is surmised that 
accumulating CoA derivative sequesters CoA, thereby disturbing the mitochondrial 
energy metabolism.1  

Inheritance: autosomal recessive1,3   

Confirmatory Test 
There is note of increased isovalerylcarnitine and isovalerylglycine in plasma or urine.  
Enzymatic assay on cultured fibroblasts or mutation analysis may also be done.1,3 

Overview of Disease Management 
Dietary management involves limiting leucine intake.    Detoxification of toxic 
metabolites by conjugation with glycine given at 150-600mg/kg/day and carnitine at 50-
100 mg/kg/day should also be instituted.1,3  

Prognosis 

In a study by Grunert et al. (2012), among patients with IVA, the mortality rate is high in 
association with early neonatal presentation, neurocognitive outcome is better with early 
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diagnosis and management and age of diagnosis but not the number of catabolic episodes 
contribute to the neurocognitive outcome. 

Preliminary / Initial Management During Metabolic Crisis  

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino 

What To Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem except medications 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect samples for ammonia, blood gas, electrolytes 

and urine ketones.  May request for investigations (i.e. CBC, etc.) as 
needed. 

 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if 

there is need to increase fluid, may do so up to 1.2 or 1.5x the 
maintenance. 

 Give glycine (150mg/kg/day) q8 hours. 
 Monitor input and output strictly (q6 hours).  

 
If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with protein 
free formula at maintenance rate 

 Insert IV access.  Collect samples for ammonia, blood gas, electrolytes 
and urine ketones.  May request for investigations (i.e. CBC, etc.) as 
needed. 

 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Give glycine (150mg/kg/day) q8 hours. 
 Monitor input and output strictly (q6 hours) 

 
* Monitor serum ammonia every 4 hours, if ammonia remain above 200mmol/L 

for three consecutive collections, medical treatment or hemodialysis may 
be indicated. 

* Children should not be protein restricted for longer than necessary (24-48 
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hours). 
*Inform metabolic doctor on call for further guidance regarding on-going 

management. 
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3-METHYLCROTONYL COA CARBOXYLASE  
The deficiency of 3-methylcrotonyl CoA carboxylase (3MCC) is a disorder of leucine 
metabolism that was first described by Eldjarn et al. in 1970.  In most instances, it has 
been found that neonates who test positive for this condition in expanded newborn 
screening do not actually have the condition but instead reflect the increased levels of the 
metabolites of their mothers.  

Clinical Manifestation 
There is a broad spectrum of clinical presentation ranging from no symptoms to 
failure to thrive, hypotonia, and cardiomyopathy to severe metabolic 
decompensation with metabolic acidosis and hypoglycemia.  Some patients may 
have a late presentation (1-3 years old) with an acute episode of Reye syndrome, 
massive ketosis, acidosis, lethary, coma leading to a fatal outcome.3,4  

Pathophysiology 
3-methycrotonyl CoA carboxylase is responsible for the carboxylation of 3-
methylcrotonyl-CoA, the fourth step in leucine catabolism; a deficiency of which 
causes a disturbance in leucine catabolism. 

Inheritance: autosomal recessive3 

Confirmatory Testing* 
An increase in 3-hydroxyisovaleric and 3-methylcrotonyl glycine are found in 
urine, confirmatory testing is done through the demonstration of decreased 
enzyme activity in cultured fibroblasts.3  

Overview of Disease Management 
Treatment strategies include the restriction of natural protein intake and giving of 
carnitine supplementation (100mg/kg).3 

Prognosis 

3-MCC is a common, mostly benign condition; whether treatment with a low-
protein diet, carnitine and glycine supplementation has the potential to change the 
clinical course in several affected patients remains to be elucidated.5  
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Preliminary / Initial Management during Metabolic Crisis 

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency.  

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  May request for investigations 

(i.e. CBC, blood gas, urine ketones) as needed. 
 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if 

there is need to increase fluid, may do so up to 1.2 or 1.5x the 
maintenance.  

 Monitor input and output strictly (q6 hours).   
If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with protein 
free formula at maintenance rate 

 Insert IV access.  Monitor glucose levels.  May request for investigations 
(i.e. CBC, blood gas, urine ketones) as needed. 

 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours) 

  
*Children should not be protein restricted for longer than necessary (24-48 

hours) 
*Inform metabolic doctor on call for further guidance regarding on-going 

management 
 * If the baby’s confirmatory test is negative, consider doing urine organic acid 

analysis of the patient’s mother to rule out maternal 3-MCC deficiency. 
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BETA-KETOTHIOLASE DEFICIENCY 
Beta ketothiolase deficiency is a defect of mitochondrial acetoacetyl-CoA thiolase 
involving ketone body metabolism and isoleucine catabolism.1 

Clinical Manifestation 
This rare disorder is characterized by normal early development followed by progressive 
loss of mental and motor skills, it is clinically characterized by intermittent ketoacidotic 
episodes with no clinical symptoms in between.  Some patients may present with 
vomiting, hypotonia, lethargy, coma, hyperventilation and dehydration.  Ketoacidotic 
crises may occur following a bout of infection or mild illness.2 

Pathophysiology 
Mitochondrial acetoacetyl CoA thiolase is responsible for the cleavage of 2-
methylacetoacetyl CoA in isoleucine metabolism, acetoacetyl CoA formation in 
ketogenesis and acetoacetyl CoA cleavage in ketolysis.2   

Inheritance: autosomal recessive2,3 

Confirmatory Testing 
An increased excretion of 2-methyl 3-hydroxybutyric and 2-methylacetoacetic acid in 
urine is observed but definitive diagnosis is established by demonstrating decreased 
enzyme activity in cultured fibroblasts.3 

Overview of Disease Management 
Due to the heterogeneity in the severity of clinical presentation, there should be individual 
treatment programs; general guidelines for treatment include dietary isoleucine restriction 
and to avoid fasting.3 

Prognosis 
The frequency of ketoacidotic attacks decreases with age.3  Clinical consequences can be 
avoided by early diagnosis and appropriate management of ketoacidosis.2 

Preliminary / Initial Management during Metabolic Crisis 
Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency. 

What to Do 
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If unwell and cannot tolerate oral intake: 

 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. 

CBC, blood gas, urine ketones) as needed. 
 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if 

there is need to increase fluid, may do so up to 1.2 or 1.5x the 
maintenance. 

 Monitor input and output strictly (q6 hours).  
   If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with protein free 
formula at maintenance rate 

 Insert IV access.  Monitor glucose levels.  May request for investigations (i.e. 
CBC, blood gas, urine ketones) as needed. 

 Start D10% 0.3NaCl at 5-10 cc/hr 
 Monitor input and output strictly (q6 hours) 

  
* Children should not be protein restricted for longer than necessary (24-48 hours) 
*Inform metabolic doctor on call for further guidance regarding on-going management 

References 
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deficiency.Atlas of Metabolic Diseases2nded. Great Britain:Oxford University Press, 2005 pp 102-106. 
  
3Strauss AW, Andersen BS and Bennett MJ. Chapter 5: Mitochondrial Fatty Acid Oxidation Defects in 
Sarafoglou K, Hoffman GF and Roth KS (eds).Pediatric Endocrinology and Inborn Errors of Metabolism. New 
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GLUTARIC ACIDEMIA 1  

Glutaric Acidemia 1 (GA1) was first described by Goodman and colleagues in 
1975. 1 It is caused by a deficiency of glutaryl-CoA dehydrogenase which 
catalyzes the oxidative decarboxylation of glutaryl-CoA, an intermediate in the 
degradation of the amino acids lysine and tryptophan. 2 This causes an increase in 
glutaric, 3-hydroxyglutaric, glutaconic and glutarylcarnitine.1 

Clinical Manifestation 
Two subsets of patients are characterized based on the levels of glutaric acid 
excreted in the urine: the low (<100 mmol/mmol creatinine) and high excretors 
(>100 mmol/mmol creatinine).  However, the risk of developing striatal injury 
resulting in neurologic dysfunction is the same regardless of excretion status.3   

Patients with GA1 may present with hypotonia with head lag, feeding difficulties, 
irritability.1  Macrocephaly is seen in about 75% of infants, but this is non-
specific.3  If left untreated, 90% of patients develop neurologic disease presenting 
as dystonic-dyskinetic posturing, athetoid movements, opisthotonus, spastic, 
rigidity, clenched fists, tongue thrust and profuse sweating.1,3  The 
encephalopathic crises precipitated by immunization, infection, surgery and 
fasting results in the affectation of the basal ganglia and exaggerates the 
neurologic manifestations occur frequently until the 4th year of life.1  

Pathophysiology 
It was found that 3-hydroxglutaric and glutaric acid share structural similarities 
with glutamate which causes excitatory cell damage; further, the accumulation of 
these metabolites modulate glutamatergic and GABAergic neurotransmission 
resulting in an imbalance of excitatory and inhibitory neurotransmitters.1 

Inheritance: autosomal recessive1,3 

Confirmatory Test 
Glutaric acid and 3-hydroxyglutaric acid is increased in urine.1 Confirmatory 
testing is achieved through the demonstration of a decrease in enzyme activity in 
skin fibroblasts.1,3 
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Overview of Disease Management 
The main goal of treatment is to prevent encephalopathic crises and neurological 
deterioration and this can be achieved through dietary management.1,2  This 
includes lysine intake restriction, giving carnitine 50-100mg/kg/day, riboflavin 
100mg/day and the use of neuropharmacologic drugs to control neurologic 
symptoms.1,3 

Prognosis 

The early diagnosis and treatment intervention in patients with GA1 prevents 
striatal degeneration in 80-90% of infants.1  However, study by Beauchamp et al. 
(2009) showed that despite early treatment, patients with GA1 may have mild fine 
motor and articulation problems and raise the question of prenatal damage or 
subtle post-natal ongoing neurotoxic effects of glutaric and hydroxyglutaric acids 
or both.      

Preliminary / Initial Management during Metabolic Crisis  

Metabolic crises may be caused by illness, prolonged fasting or stressful situations 
such as surgery and severe infection.  The goal of treatment is to reverse the 
catabolic state, correct the acidosis and prevent essential amino acid deficiency.  

What to Do 

If unwell and cannot tolerate oral intake: 
 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Monitor glucose levels.  May request for investigations 

(i.e. CBC, blood gas, urine ketones) as needed. 
 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if 

there is need to increase fluid, may do so up to 1.2 or 1.5x the 
maintenance. 

 Start IV carnitine (100mg/kg/day) q6 hours. 
 Monitor input and output strictly (q6 hours).  

  
   If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with GA1 milk 



 
 
NCNBSS Manual of Operation 

 
 

141 

formula or protein free formula at maintenance rate 
 Insert IV access.  Monitor glucose levels.  May request for investigations 

(i.e. CBC, blood gas, urine ketones) as needed. 
 Start D12.5% 0.3NaCl at 5-10 cc/hr 
 Start IV carnitine (100mg/kg/day) q6 hours. 
 Monitor input and output strictly (q6 hours) 

  
* Children should not be protein restricted for longer than necessary (24-48 

hours). 
* Co-management with a neurologist is indicated to control the dystonia. 
*Inform metabolic doctor on call for further guidance regarding on-going 

management. 
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MULTIPLE CARBOXYLASE DEFICIENCY 
Multiple carboxylase deficiency (MCD), also known as holocarboxylase synthase leads 
to a failure of synthesis of all carboxylases.  

Clinical Manifestation 
Most patients present acutely in the first few hours of life.1  Patients may have dehydration, 
go into deep coma leading to death, ketosis, high anion gap metabolic acidosis, failure to 
thrive, alopecia and a characteristic erythematous eruption on the skin that can be bright, 
red, scaly or desquamative.  

Pathophysiology 
Holocarboxylase synthase binds biotin, an essential cofactor in gluconeogenesis, fatty acid 
synthesis and the catabolism of several amino acids.1,  This in turn, leads to a failure of 
the synthesis of the active holocarboxylases which is the body’s main source of biotin.1  

Inheritance: autosomal recessive3  

Confirmatory Testing 
An increased methylcrotanylglycine and 3-hydroxyisovaleric acid in blood and urine with 
lactic acidosis can be observed but definitive testing is done through measurement of 
enzyme activity in fibroblasts.3  

Overview of Disease Management 
Treatment is through giving biotin 10-20mg/day.1,3  The clinical response to treatment is 
dramatic, ketosis and acidosis disappear along with hyperammonemia; lethargy, 
hypotonia and ataxia disappear and dermatological effects of the disorder are reversed.3  

Prognosis  

Prognosis is good if treatment is initiated immediately and the clinical course is followed 
carefully by close monitoring of biochemical abnormalities.1  

Preliminary / Initial Management during Metabolic Crisis 
  
Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency.  

 



 
 
NCNBSS Manual of Operation 

 
 

143 

What to Do 
 If Unwell 

 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect samples for serum ammonia and blood gas.  May 

request for investigations (i.e. CBC, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).  
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THALASSEMIAS AND HEMOGLOBINOPATHIES 
Thalassemias are characterized by a decreased production in the either the α or β globin 
chains. They are grouped into α and β thalassemias. The imbalance in the production of 
globin chain results in a haemolytic anemia or precipitation of the red cells in the bone 
marrow or a process known as ineffective erythropoiesis. 

Hemoglobinopathies on the other hand are structural abnormalities and are usually due 
to a single amino acid substitution. 

Both disorders exhibit unique geographical distribution. HbS, HbSC, HbS/β thalassemia 
or sickle cell disease is typically common in Africa, Saudi Arabia, India and in the 
Americas. HbE is almost exclusively from South East Asia. 

  

ALPHA THALASSEMIAS  

The alpha thalassemias are probably the more common of the 2 thalassemias. Most alpha 
thalassemia mutations are due to deletions of which more than 50 have been identified. 
The 2 most common deletions are the ---SEA seen in South East Asia and the MED-1 in 
the Mediterranean.  Αlpha thalassemia may result from the loss of the alpha globin gene. 
There are 4 alpha globin gene so the loss may be from one to four of the gene. The clinical 
symptomatology will depend on the number of gene deletions. The loss of 4 genes results 
in hydrops fetalis which is fatal in utero. Loss of 3 genes indicates HbH disease which 
may manifest later in childhood as moderately severe anemia. Iron overload becomes a 
major problem when these patients reach puberty and adulthood. Loss of 2 genes (trait) or 
1 (silent carrier) may result in mild anemia and these two are clinically insignificant. South 
East Asians may have all 4 types. 

The percentage of haemoglobin Bart’s in the cord blood may indicate the number of alpha 
gene loss. If the percentage is < 10% then the infant may have 1 or 2 gene loss.  If the 
amount of Bart’s is > 20-25% then it may indicate a more severe form of alpha thalassemia 
such as HbH disease. Non deletional form of HbH disease such as HbH Constant Spring 
are clinically more severe.  

Clinical Signs of Alpha Thalassemia  
Loss of 1 or 2 α genes often asymptomatic with mild anemia at the most. The smear will 
show microcytosis which is often mistaken for iron deficiency anemia.  Patients who do 
not respond to iron therapy for their anemia should be worked up for possible 
thalassemias. Parents should be assured that their children will be symptom free but they 
should also be made aware that the trait may run in their family. 
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If the Bart’s is 20-25% and the infant is either South East Asian or from the Mediterranean 
then HbH should strongly be considered and the family referred to a haematologist. 

HbH disease is due to deletion of 3 alpha genes resulting in the formation of beta 
tetramers (β4). Clinically this is classified as a form of thalassemia intermedia. A non 
deletional form of HbH disease such as HbH Constant Spring is seen when 2 alpha gene 
deletion such the ---SEA deletion is seen in conjunction with an α gene mutation such as 
the Constant Spring mutation. Patients usually exhibit a more severe form of anemia 
requiring regular transfusions early in childhood resulting in iron overload later on in life. 
These patients will require special care. 

  

Patients with non deletional form of HbH disease develop symptoms at an earlier age with 
more severe anemia, growth stunting, hepatosplenomegaly, dysmorphic facial features 
and require more transfusions than the deletional forms. 
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BETA THALASSEMIAS  
In contrast to α thalassemias, the vast majority of mutations in β thalassemias are non-
deletional.  Beta Thalassemia mutations may result in total absence of beta chain 
production (β°) or partial reduction of the chain (β+). Decreased haemoglobin production 
leads to microcytosis, ineffective erythropoiesis and skeletal changes. A presumptive 
diagnosis of β thalssemia in the newborn is made if the HbF is the sole haemoglobin with 
absent HbA . 

Clinical features may vary depending on the complete or partial absence of the beta chain. 
Beta thalassemia major patients (β°β°) are transfusion dependent as early as the late 
infancy period while thalassemia intermedia (β°β+) or (β+β+) has less severe anemia and 
require fewer transfusions. Children heterozygous for a normal and a beta thalassemia 
gene will have very mild anemia, microcytosis, and slight splenomegaly. Transfusion is 
usually not required. They are often confused with iron deficiency anemia. 

There are individuals who are compound heterozygote for HgB E and β° thalassemia. 
HbE/β thalssemia presents in infancy as variably severe anemia with clinical phenotype 
ranging from complete lack of symptoms to transfusion dependence. Osteoporosis, iron 
overload, growth failure, pulmonary hypertension ae commonly reported in both 
transfused and nontransfused patients. Patients presenting with thalassemia intermedia 
phenotype during childhood often become transfusion dependent as adults due to 
worsening anemia and fatigue. They may eventually develop iron overload and will likely 
succumb to cardiac failure later in life. 

Patients with beta thalassemia major are best managed in a specialized hospital as they 
will need regular transfusions and iron chelation. Those with the minor form of the disease 
will not need special care. Intermedia patients may need specialized care later in childhood 
as iron overload may present later in life so inadvertent and prolonged use of iron are 
discouraged in these patients. 
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HEMOGLOBIN E  
Hgb E is the most common hemoglobinopathy variant in South East Asia. The βE chain 
is synthesized at a reduced rate leading to an imbalance in the globin chains. 

HgbE traits do not exhibit clinical disease. There is slight anemia with microcytosis. 
Target cells are seen in the smears. The Hb E is > 30%. 

Homozygous HbE individuals likewise are asymptomatic but the haemoglobin level may 
be lower than the trait. The red cell indices are likewise low. The two conditions do not 
warrant special care. 

In regions where there is a high incidence of α and β thalassemias such as the 
Philippines, HbE may be coinherited with these disorders. HbE with HbH may 
result in moderately severe thalassemic findings similar to thalassemia 
intermedia.. HbE level is between 10-15%.  

HbE/β° as mentioned previously may behave as thalassemia major and will need to be 
managed in a specialty center. 

  

 

OTHER HEMOGLOBINOPATHIES  

Sickle cell disease patients have predominant HbS. They are most common in Africa, 
Saudi Arabia and the United States The affected infants are usually normal at birth but 
develop anemia later when the HbS concentration increases and the HbF decreases. These 
patients are particularly susceptible encapsulated bacterial infections such as 
Streptococcus pneumonia, H. influenza, Staphylococcus aureus, and Salmonella. 
Prophylactic penicillin should be started early in infancy once diagnosis is made. 

Heterozygotes (Hb AS) are usually asymptomatic and are referred to as trait. 
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HEMOGLOBIN E TRAIT  

Clinical Expectations for Carriers of Hemoglobin E 
Being a carrier of Hemoglobin E will not have an adverse influence on this child’s life 
expectancy. The trait is basically silent and carriers are not more likely to get sick than 
any other child. In most cases, children are symptom-free and will have normal growth 
and development, hence do not need special medical care.  Rarely, carriers can manifest 
with mild anemia.   

Reproductive Risks 
The results indicate that the child is a carrier of the Hemoglobin E. It is important to 
remember that the trait may be transmitted by the child to his would-be children.  Thus, it 
is extremely important to have his/her future partner screened for the trait as their union 
may result in a baby with a severe case of thalassemia. Family members of this child may 
also be at-risk for a hemoglobin disease. Carrier-testing is recommended for parents and 
other family members.    

Carrier Testing Recommendations 
Hemoglobinopathy carrier testing can be performed by: 

1. Complete blood count (CBC) to assess mean corpuscular volume (MCV)  

2. Hemoglobin analysis Capillary Electrophoresis (CE) or High Performance 
Liquid Chromatography (HPLC).   

3. Serum ferritin (to enable interpretation of MCV and hemoglobin analysis).  

Important Considerations 
 Refrain from giving Iron supplements to the child. Folic acid is recommended. 

 Immunizations are not contraindicated for this condition, and may be given as 
recommended by the Philippine Pediatric Society. It is also recommended that 
they be given Pneumococcal, Influenza and Haemophilus influenza Type B 
(HiB) vaccines.   

Referral Indications 
 To Genetics: Refer parents if they are both carriers, ideally prior to the next 

pregnancy for a review of reproductive testing options.  
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 To Hematology: Refer any individual in the family identified to have a 
hemoglobinopathy to a Hematologist for assessment and management. 
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HEMOGLOBIN C TRAIT 

Clinical Expectations for Carriers of Hemoglobin C 
Being a carrier of Hemoglobin C will not have an adverse influence on this child’s life 
expectancy. The trait is basically silent and carriers are not more likely to get sick than 
any other child. In most cases, children are symptom-free and will have normal growth 
and development, hence do not need special medical care.  Rarely, carriers can manifest 
with mild anemia.   

Reproductive Risks 
The results indicate that the child is a carrier of the Hemoglobin C. It is important to 
remember that the trait may be transmitted by the child to his would-be children.  Thus, it 
is extremely important to have his/her future partner screened for the trait as their union 
may result in a baby with a severe case of hemoglobinopathy. Family members of this 
child may also be at-risk for a hemoglobin disease. Carrier-testing is recommended for 
parents and other family members. 

Carrier Testing Recommendations 
Hemoglobinopathy carrier testing can be performed by: 

1. Complete blood count (CBC) to assess mean corpuscular volume (MCV)  

2. Hemoglobin analysis by Capillary Electrophoresis (CE) or High Performance 
Liquid Chromatography (HPLC). 

3. Serum ferritin (to enable interpretation of MCV and hemoglobin analysis).  

Important Considerations 
 Refrain from giving Iron supplements to the child. Folic acid is recommended. 

 Immunizations are not contraindicated for this condition, and may be given as 
recommended by the Philippine Pediatric Society. It is also recommended that 
they be given Pneumococcal, Influenza and Haemophilus influenza Type B 
(HiB) vaccines.   

Referral Indications 
 To Genetics: Refer parents if they are both carriers, ideally prior to the next 

pregnancy for a review of reproductive testing options.  
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 To Hematology: Refer any individual in the family identified to have a 
hemoglobinopathy to a Hematologist for assessment and management. 

HEMOGLOBIN D TRAIT   

Clinical Expectations for Carriers of Hemoglobin D 
Being a carrier of Hemoglobin D will not have an adverse influence on this child’s life 
expectancy. The trait is basically silent and carriers are not more likely to get sick than 
any other child. In most cases, children are symptom-free and will have normal growth 
and development, hence do not need special medical care.  Rarely, carriers can manifest 
with mild anemia.   

Reproductive Risks 
The results indicate that the child is a carrier of the Hemoglobin D. It is important to 
remember that the trait may be transmitted by the child to his would-be children.  Thus, it 
is extremely important to have his/her future partner screened for the trait as their union 
may result in a baby with a severe case of hemoglobinopathy. Family members of this 
child may also be at-risk for a hemoglobin disease. Carrier-testing is recommended for 
parents and other family members.    

Carrier Testing Recommendations 
Hemoglobinopathy carrier testing can be performed by: 

1. Complete blood count (CBC) to assess mean corpuscular volume (MCV)  

2. Hemoglobin analysis Capillary Electrophoresis (CE) or High Performance 
Liquid Chromatography (HPLC).  

3. Serum ferritin (to enable interpretation of MCV and hemoglobin analysis).  

Important Considerations 
 Refrain from giving Iron supplements to the child. Folic acid is recommended. 

 Immunizations are not contraindicated for this condition, and may be given as 
recommended by the Philippine Pediatric Society. It is also recommended that 
they be given Pneumococcal, Influenza and Haemophilus influenza Type B 
(HiB) vaccines.   

Referral Indications 
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 To Genetics: Refer parents if they are both carriers, ideally prior to the next 
pregnancy for a review of reproductive testing options.  

 To Hematology: Refer any individual in the family identified to have a 
hemoglobinopathy to a Hematologist for assessment and management. 

  
SICKLE CELL TRAIT  

Clinical Expectations for Carriers of Sickle Cell Disease 
Being a carrier of Hemoglobin S will not have an adverse influence on this child’s 
life expectancy. The trait is basically silent and carriers are not more likely to get 
sick than any other child. In most cases, children are symptom-free and will have 
normal growth and development, hence do not need special medical care.  Rarely, 
carriers can manifest with mild anemia.  

Reproductive Risks 
The results indicate that the child is a carrier of the Hemoglobin S (Sickle cell 
Hemoglobin). It is important to remember that the trait may be transmitted by the 
child to his would-be children.  Thus, it is extremely important to have his/her 
future partner screened for the trait as their union may result in a baby with a 
severe case of Sickle Cell Disease. Family members of this child may also be at-
risk for a hemoglobin disease. Carrier-testing is recommended for parents and 
other family members.    

Carrier Testing Recommendations 
Hemoglobinopathy carrier testing can be performed by: 

1. Complete blood count (CBC) to assess mean corpuscular volume (MCV)  
2. Hemoglobin analysis Capillary Electrophoresis (CE) or High Performance 

Liquid Chromatography (HPLC).  
3. Serum ferritin (to enable interpretation of MCV and hemoglobin analysis).  

Important Considerations 
 Refrain from giving Iron supplements to the child. Folic acid is recommended. 
 Immunizations are not contraindicated for this condition, and may be given as 

recommended by the Philippine Pediatric Society. It is also recommended that 
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they be given Pneumococcal, Influenza and Haemophilus influenza Type B 
(HiB) vaccines.   

Referral Indications 
 To Genetics: Refer parents if they are both carriers, ideally prior to the next 

pregnancy for a review of reproductive testing options.  
 To Hematology: Refer any individual in the family identified to have a 

hemoglobinopathy to a Hematologist for assessment and management. 
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ALPHA THALASSEMIA TRAIT/MINOR 

Clinical Expectations for Carriers of Alpha Thalassemia 
Being a carrier of Alpha Thalassemia will not have an adverse influence on this 
child’s life expectancy. The trait is basically silent and carriers are not more likely 
to get sick than any other child. In most cases, children are symptom-free and will 
have normal growth and development, hence do not need special medical care.  
Rarely, carriers can manifest with mild anemia.   

Reproductive Risks 
The results indicate that the child is a carrier of Alpha Thalassemia. It is important 
to remember that the trait may be transmitted by the child to his would-be 
children.  Thus, it is extremely important to have his/her future partner screened 
for the trait as their union may result in a baby with a severe case of thalassemia. 
Family members of this child may also be at-risk for a hemoglobin disease. 
Carrier-testing is recommended for parents and other family members.    

Carrier Testing Recommendations 
Hemoglobinopathy carrier testing can be performed by: 
1. Complete blood count (CBC) to assess mean corpuscular volume (MCV)  
2. Hemoglobin analysis by Capillary Electrophoresis (CE) or High Performance 

Liquid Chromatography (HPLC).  
3. Serum ferritin (to enable interpretation of MCV and hemoglobin analysis).  

Important Considerations 
 Refrain from giving Iron supplements to the child. Folic acid is recommended. 
 Immunizations are not contraindicated for this condition, and may be given as 

recommended by the Philippine Pediatric Society. It is also recommended that 
they be given Pneumococcal, Influenza and Haemophilus influenza Type B 
(HiB) vaccines.   

Referral Indications 
 To Genetics: Refer parents if they are both carriers, ideally prior to the next 

pregnancy for a review of reproductive testing options.  
 To Hematology: Refer any individual in the family identified to have a 

hemoglobinopathy to a Hematologist for assessment and management. 
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BETA THALASSEMIA TRAIT/MINOR  

Clinical Expectations for Carriers of Beta Thalassemia 
Being a carrier of Beta Thalassemia will not have an adverse influence on this 
child’s life expectancy. The trait is basically silent and carriers are not more likely 
to get sick than any other child. In most cases, children are symptom-free and will 
have normal growth and development, hence do not need special medical care.  
Rarely, carriers can manifest with mild anemia.   

Reproductive Risks 
The results indicate that the child is a carrier of Beta Thalassemia. It is important 
to remember that the trait may be transmitted by the child to his would-be 
children.  Thus, it is extremely important to have his/her future partner screened 
for the trait as their union may result in a baby with a severe case of thalassemia. 
Family members of this child may also be at-risk for a hemoglobin disease. 
Carrier-testing is recommended for parents and other family members.    

Carrier Testing Recommendations 
Hemoglobinopathy carrier testing can be performed by: 
1. CBC to assess MCV  
2. Hemoglobin analysis (by Capillary Electrophoresis (CE) or High Performance 
Liquid Chromatography (HPLC).  
3. Serum ferritin (to enable interpretation of MCV and hemoglobin analysis). 

Important Considerations 
 Refrain from giving Iron supplements to the child. Folic acid is recommended. 
 Immunizations are not contraindicated for this condition, and may be given as 

recommended by the Philippine Pediatric Society. It is also recommended that 
they be given Pneumococcal, Influenza and Haemophilus influenza Type B 
(HiB) vaccines.   

Referral Indications 
 To Genetics: Refer parents if they are both carriers, ideally prior to the next 

pregnancy for a review of reproductive testing options.  
 To Hematology: Refer any individual in the family identified to have a 

hemoglobinopathy to a Hematologist for assessment and management. 
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UREA CYCLE DEFECTS 
The urea cycle is the main pathway of the body to dispose of excess nitrogen.  It allows 
for the conversion of ammonia into urea that can be excreted into the urine.  Citrullinemia 
and Argininosuccinic Aciduria are inherited in an autosomal recessive manner.  
Citrullinemia occurs as a result of argininosuccinic synthase deficiency while 
argininosuccinic aciduria is due to a deficiency of argininosuccinic lyase.  Both conditions 
may manifest with tachypnea, lethargy, vomiting, irritability, seizures, coma and 
ultimately death if left untreated.  The increased levels of ammonia may cause brain 
damage. 

Due to blocks in the urea cycle owing to the enzyme deficiency, patients with UCD have 
low levels of arginine.  This makes arginine an essential amino acid among patients with 
UCD.   

Treatment 
Treatment is through the dietary restriction of protein and the supplementation of a protein 
free formula.  Sodium benzoate, an ammonia scavenger, is given as well as arginine 
supplementation.  

Preliminary / Initial Management During Metabolic Crises 
Metabolic crises may be caused by an excess intake of protein, illness, prolonged fasting 
or stressful situations such as surgery and severe infection.  The goal of treatment is to 
reverse the catabolic state and prevent essential amino acid deficiency. 
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ARGININOSUCCINIC ACIDURIA  
Argininosuccinic aciduria (ASA) is an inborn error of metabolism resulting from the 
deficiency of the enzyme argininosuccinic lyase.1 

Clinical Manifestation 
The classic presentation of argininosuccinic aciduria is an overwhelming illness in the 
newborn period presenting with vomiting, lethargy progressing rapidly to deep coma, 
apnea, seizures and death. 2 Patients may also have hair abnormalities (trichorrhexis 
nodosa).1-2  

Pathophysiology 
Argininosuccinate lyase is an enzyme that converts argininosuccinic acid to arginine, the 
absence of which causes an increase in argininosuccinic acid, citrulline and ammonia.2 

Inheritance: autosomal recessive.1-2 

Confirmatory Testing 
Confirmatory testing may be done through plasma amino acid analysis (increased 
argininosuccinic acid, increased citrulline and decreased arginine), increased orotic acid 
and presence of argininosuccinic acid in the urine.1-2   Enzyme analysis may also be done on 
fibroblasts.1  

Overview of Disease Management 
Long-term management, as with other urea cycle disorders, consists of a low protein diet 
supplemented with special milk formula, provision of arginine and sodium benzoate or 
phenylbutyrate.1-2  

Prognosis 
Prognosis for intellectual development probably depends on the nature of the initial 
hyperammoniemia, especially in duration or the nature of recurrent episodes.2 

Preliminary/ Initial Management during Metabolic Crisis 
Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection. The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency.   

What to do 
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If Unwell and cannot tolerate oral intake 

 Nothing per orem 
 Ensure patient's airway is secure 
 Insert IV access. Collect sample for serum ammonia. May request for 

investigations (i.e. 
 CBC, etc.) as needed 
 May give fluid boluses if patient requires 
 Start 012.5% 0.3NaCI at full maintenance. Assess patient clinically, if 

there is need to increase fluid,  may do so up to 1.2 to 1.5x of 
maintenance 

 Start IV sodium benzoate loading doe {250mg/kg) to run for 1-2 hours 
 Start IV arginine loading dose (250mg/kg} to run for 1-2 hours 
 Monitor input and output strictly (q6 horus) 

 If Unwell and can tolerate oral intake 

 Insert oro- or nasogastric tube and start continuous feeding with protein 
free formula at maintenance rate 

 Insert IV access. Collect sample for serum ammonia. May request for 
investigations (i.e. CBC, etc.} as needed 

 May give fluid boluses if patient requires 
 Start 012.5% 0.3NaCI at 5-10 cc/hr. 
 Start IV sodium benzoate loading doe (250mg/kg) to run for 1-2 hours 
 Start IV arginine loading dose (250mg/kg) to run for 1-2 hours 
 Monitor input and output strictly (q6 hours) 

 
*Children should not be protein restricted for longer than necessary (24-48 
hours) 

*If patient does not improve with the initial management (within 12 hours), 
hemodialysis may be indicated. Monitor patient clinically, the necessity of  
hemodialysis will depend on patient's clinical status. 

*Inform metabolic doctor on call for further guidance regarding on-going 
management 

 References: 
1Zchocke J and Hoffmann GF, Vademecum Metabolicu, 3rd ed., Germany:Milupa Metabolics, 2011 
  

2Nyhan WL, Barshop BA and AI-Aqeel A. Chapter 27: Argininosuccinic aciduria. Atlas  of Inherited Metabolic 
Diseases 3rd ed. Great Britain:Oxford University Press, 2012 pp216-222 
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CITRULLINEMIA 
Citrullinemia is an inborn error of metabolism resulting from the deficiency of 
arginosuccinate synthetase, an enzyme present in all tissues but the level of which is 
highest in the liver where it functions in the urea cycle. 

Clinical Manifestation 
Following a brief hiatus in which the newborn appears normal, anorexia, vomiting and 
therapy develop followed rapidly by progression to deep coma.  The symptoms mimic 
that of sepsis and affected newborns present with severe lethargy, poor feeding to 
respiratory distress, jitteriness and seizures. 

A late onset form may occur as late as 20 years old and present as symptoms such as 
slurred speech, irritability, insomnia or delirium.3 

Pathophysiology 
Argininosuccinate synthase is an enzyme that converts citrulline to arginosuccinate, the 
absence of which causes an increase in plasma citrulline and ammonia levels. 

Inheritance: autosomal recessive 

Confirmatory Testing 
Confirmatory testing may be done through the demonstration of amino acids in plasma 
(decreased arginine and high citrulline), presence of orotic acid in urine and increased 
levels of ammonia in blood.2,5 

Overview of Disease Management 
Long-term steady state management can usually be provided with arginine (0.25-
0.8g/kg/day), sodium benzoate, sodium phenylbutyrate and a diet modestly restricted in 
protein.3 

Prognosis 
Prognosis for intellectual development depends on the nature of the inital 
hyperammonemia especially its duration or those of recurrent episodes.3 

Preliminary / Initial Management during Metabolic Crisis 
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Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency. 

What to Do 
If unwell and cannot tolerate oral intake: 

 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect sample for serum ammonia.  May request for 

investigations (i.e. CBC, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Start IV sodium benzoate loading dose (250mg/kg) to run for 1-2 hours. 
 Start IV arginine loading dose (250mg/kg) to run for 1-2 hours. 
 Monitor input and output strictly (q6 hours) 

    If unwell and can tolerate oral intake: 

 Insert oro- or nasogatric tube and start continuous feeding with protein free 
formula at maintenance rate 

 Insert IV access.  Collect sample for serum ammonia.  May request for 
investigations (i.e. CBC, etc.) as needed. 

 May give fluid boluses if patient requires. 
 Start D12.5% 0.3NaCl at 5-10 cc/hr.   
 Start IV sodium benzoate loading dose (250mg/kg) to run for 1-2 hours. 
 Start IV arginine loading dose (250mg/kg) to run for 1-2 hours. 
 Monitor input and output strictly (q6 hours) 

 * Children should not be protein restricted for longer than necessary (24-48 hours). 

* If patient does not improve with the initial management (within 12 hours), hemodialysis 
may be indicated.  Monitor patient clinically, the necessity of hemodialysis will depend on 
patient’s clinical status. 

* Inform metabolic doctor on call for further guidance regarding on-going management. 

 References 
1 Su TS, Bock HGO, Beaudet AL et al.  Molecular analysis of argininosuccinate syntehtase deficiency in human 
fibroblasts. J Clin Invest 1982:70:1334-1339. 
  

2 Nyhan WL, Barshop BA and Ozand P.  Chapter 31: Citrullinemia. Atlas of Metabolic Diseases 2nd ed. Great 
Britain:Oxford University Press, 2005 pp 210-213. 
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3 Wasant P, Viprakasit V, Srisomsap C et al. Argininosuccinate synthetase deficiency: mutation analysis in 3 
Thai patients. Southeast Asian J Trop Med Pub Health 2005;36(3):757-761. 
  
4 Nyhan WL, Barshop BA and Ozand P.  Chapter 32: Arginosuccinic aciduria. Atlas of Metabolic Diseases 2nd 
ed. Great Britain:Oxford University Press, 2005 pp 216-219. 
 5 Schulze A, Matern D, Hoffmann GF.  Chapter 2: Newborn screening in Sarafoglou K, Hoffman GF and Roth 
KS (eds). Pediatric Endocrinology and Inborn Errors of Metabolism. New York: McGraw Hill, 2009 pp 17-32. 
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BIOTINIDASE DEFICIENCY 
Biotinidase deficiency is a form of multiple carboxylase deficiency in which the 
fundamental defect is an inability to cleave biocytin for biotin recycling.  Biotin is a water-
soluble vitamin of the B complex that acts as a coenzyme in each of 4 carboxylases in 
humans (pyruvate carboxylase, propionyl-coenzyme A carboxylase, β-methylcrotonyl 
CoA caorboxylase and acetyl-CoA carboxylase).2 

Clinical Manifestation 
Biotinidase deficiency presents with a median age of 3 months or as late as 10 years of 
age, symptoms include dermatologic affectation appearing as patchy desquamation and 
neurological manifestations such as seizures in 70% of patients and ataxia that can 
interfere with walking.  Some patients may also have optic atrophy and hearing loss.2 

Individuals with partial biotinidase deficiency can present with skin manifestations and 
no neurologic symptoms.2,3 

Pathophysiology 
Biotinidase deficiency results in an inability to recycle endogenous biotin which means 
the brain is unable to recycle biotin adequately leading to decreased pyruvate carboxylase 
activity in the brain and accumulation of lactate which in turn causes the neurologic 
symptoms.2 

Inheritance: autosomal recessive3 

Confirmatory Testing 
Confirmatory studies are performed by determining biotinidase activity in serum.2 

Overview of Disease Management 
Patients are treated with biotin (5-10mg/day).2,3 

Prognosis 
Once therapy is instituted, cutaneous symptoms resolve quickly as do seizures and ataxia, 
however other symptoms such as hearing loss and optic atrophy are less reversible.2 

Preliminary / Initial Management during Metabolic Crisis 
Metabolic crises may be caused by illness, prolonged fasting or stressful situations such 
as surgery and severe infection.  The goal of treatment is to reverse the catabolic state, 
correct the acidosis and prevent essential amino acid deficiency. 
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What to Do 
If Unwell 

 Nothing per orem 
 Ensure patient’s airway is secure 
 Insert IV access.  Collect samples for serum ammonia and blood gas.  May 

request for investigations (i.e. CBC, etc.) as needed. 
 May give fluid boluses if patient requires. 
 Start D10% 0.3NaCl at full maintenance.  Assess patient clinically, if there is 

need to increase fluid, may do so up to 1.2 or 1.5x the maintenance. 
 Monitor input and output strictly (q6 hours).  

  

  *Inform metabolic doctor on call for further guidance regarding on-going 
management.  

References 
1Nyhan WL, Barshop BA and Ozand P. Chapter 6: Multiple carboxylase deficiency/biotinidase 
deficiency.Atlas of Metabolic Diseases2nded. Great Britain: Oxford University Press, 2005 pp 42-48. 
  
2Schulze A, Matern D, Hoffmann GF. Chapter 2: Newborn screening in Sarafoglou K, Hoffman GF and Roth 
KS (eds).Pediatric Endocrinology and Inborn Errors of Metabolism.New York:McGraw Hill, 2009 pp 17-32. 
  
3Nyhan WL, Barshop BA and Ozand P. Chapter 6: Multiple carboxylase deficiency/biotinidase 
deficiency.Atlas of Metabolic Diseases2nded. Great Britain:Oxford University Press, 2005 pp 42-48. 
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GALACTOSEMIA 
Galactosemia is a rare genetic metabolic disorder that is inherited in an autosomal 
recessive manner. It is an inborn error of carbohydrate metabolism characterized by 
elevated levels of galactose and its metabolites due to enzyme deficiencies involved in its 
metabolism. Galactose is the sugar found mainly in milk and dairy products. It is also 
produced by the body. Milk contains a sugar called lactose, and during digestion, lactose 
is broken down into the sugars glucose and galactose. Glucose can immediately be used 
as a source of energy by the body, but galactose needs to be further broken down before 
it can be utilized. The birth incidence of classic galactosemia is about 1 per 47,000 in the 
Caucasian population. The Philippine NBS data as of December 2018 gives a prevalence 
of 1:134,439. 

Pathophysiology 
The galactose metabolic pathway with multiple enzymatic steps is shown. The enzymes 
allow the subsequent conversion of galactose to galactose-1-phosphate by GALK (1); 
galactose-1-phosphate and uridine diphosphate glucose (UDP glucose) to glucose-1-
phosphate and UDP-galactose by GALT (2) and the interconversion of UDP-glucose and 
UDP-galactose by GALE (3). Children with galactosemia have very little or entirely lack 
an enzyme that helps the body break down galactose. There are three different enzyme 
problems that can lead to galactosemia. In the first type or classic galactosemia, the 
enzyme that is reduced or missing is called galactose-1-phosphate uridyl transferase 
(GALT). The GALT enzyme enables the body to break down galactose into glucose. The 
second type of galactosemia is due to a deficiency in uridine diphosphate galactose 4-
epimerase (GALE).  Its severe type clinically resembles classic galactosemia. The third 
type, is due to a deficiency in galactokinase (GALK), and presents primarily as cataracts 
in untreated patients.  

Clinical Features 
Patients can present with feeding problems, failure to thrive, hepatocellular damage, 
bleeding, and sepsis in untreated infants. In approximately 10% of individuals, cataracts 
are present. Failure to thrive is the most common initial clinical symptom of classic 
galactosemia. Vomiting or diarrhea usually begins within a few days of milk ingestion.  
Jaundice of intrinsic liver disease may be accentuated by the severe hemolysis occurring 
in some patients. Cataracts have been observed within a few days of birth. There appears 
to be a high frequency of neonatal death due to E. coli sepsis in patients with classic 
galactosemia. 

The association of jaundice and hemorrhagic diathesis in the first 2 weeks of life is a 
clinical presentation in which galactosemia must be considered. Coagulopathy may also 
be present in galactosemia with little evidence of liver disease. Galactosemia also causes 
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learning and language problems in children, bone mineral density problems and ovarian 
failure in girls. 

Treatment and Monitoring 
Dietary elimination of milk and milk products containing lactose is the treatment for all 
types of galactosemia. There is no chemical or drug substitute for the missing enzyme at 
this time.  An infant diagnosed with galactosemia will have to be on a soy-based 
formula.  Dietary management under the close supervision of a metabolic dietician and a 
metabolic doctor is a must. Regular monitoring of blood galactose levels and regular 
evaluation by the genetic metabolic team is important for optimal treatment. 

Prognosis 
Despite an early galactose-free diet, long-term complications have been noted in older 
children and adults with classic galactosemia because of endogenous galactose 
production. These include speech problems, poor intellectual function, neurologic deficits 
(predominantly extrapyramidal findings with ataxia), and ovarian failure in females. Thus, 
the need for regular monitoring and evaluation is important. 
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GLUCOSE-6-PHOSPHATE DEHYDROGENASE (G6PD) 
DEFICIENCY  
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is an enzyme defect affecting 
around 400 million people worldwide.5 According to the Philippine NBS data as of 
December 2018, 1 out of 61 screened newborns have G6PD deficiency. 4 G6PD-
deficiency is an X-linked disorder found in both sexes but more males are affected. Female 
carriers are asymptomatic.                          

                      

 
                          (X)Y – Deficient, Symptomatic 
                          (X)(X) – Deficient, Symptomatic 
                           (X)X – Carrier 
   

Pathophysiology  
G6PD is an enzyme that is present in all cells, but is much valued in red blood cells 
(RBCs). G6PD is needed for the first step in the Hexose Monophosphate Pathway (HMP). 
The pathway produces the reduced nicotinamide adenine dinucleotide phosphate 
(NADPH) that functions as an electron donor in maintaining glutathione in its reduced 
form (GSH). GSH serves as an antioxidant that protects the cells against oxidative 
damage. The HMP is the only source of NADPH in RBCs, thus the deleterious effect of 
G6PD deficiency in RBCs exposed to oxidative stress. Such oxidative stress is brought 
about by food products, drugs, chemical compounds, and infection. A short list of these 
agents is available on the succeeding pages. 

Clinical Features  
The most common clinical manifestation of G6PD deficiency is hemolytic anemia 
induced by various oxidative stresses as mentioned above. The patient presents sudden 
onset of tea-colored urine, jaundice and pallor. Hereditary nonspherocytic hemolytic 
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anemia may also occur in patients with severe G6PD deficiency. In neonates, G6PD 
deficiency may present with prolonged jaundice which is  attributed to impaired liver 
function as supposed to hemolysis. The dreaded effect of neonatal jaundice is kernicterus 
or the deposition of bilirubin (product of hemoglobin catabolism) which causes permanent 
damage to the brain or death. Other associated disorders to G6PD deficiency are decreased 
RBC lifespan and cataract formation. Although there is a high prevalence of G6PD 
deficiency, there are only few severe cases of hemolysis that has been documented and 
most of them are foreign reports. 

Diagnosis 
The currently used method in the diagnosis of G6PD deficiency is the spot fluorescence 
test as part of the newborn screening panel. Screening-positive patients should 
immediately undergo confirmatory testing based on estimation of enzyme activity by 
quantitative analysis of the rate of NADPH production from NADP. DNA analysis is 
already available but is not used as a diagnostic method. 

Management 
There is no cure for G6PD deficiency, but the main goal in the management is avoidance 
of oxidative insults and blood transfusions for acute hemolytic crisis. Confirmed cases 
may also be referred to a specialist in Pediatric Hematology for assessment and advice. 

Prognosis 
Most G6PD-deficient patients live a normal life without the clinical features as indicated 
above. Since there is no way of telling who will develop hemolytic crisis, avoidance of 
oxidative stress and physician consult are advised if with febrile illness.  

Patient Education 
Parents should be educated regarding their child’s disorder, specifically the drugs and food 
that cause oxidative stress, and thus should be avoided. It is also important to emphasize 
that infection is a common cause of hemolytic crisis in G6PD-deficient patients, hence all 
affected patients should see their doctor during febrile illness for management. Parents are 
also advised to mention to their physicians that the patient have G6PD deficiency during 
consults. As this is an inheritable disease, X-linked, genetic counseling should be done.  

See Annex 22 for list of food, drinks, and chemicals to be avoided if deficient in G6PD. 
G6PD Brochure is available for download at www.newbornscreening.ph. 

References: 
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Annex 1. Policies in the National Implementation of NBS 
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Annex 2. Presidential Proclamation 
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Annex 3. Republic Act 9288 
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Annex 4. Implementing Rules and Regulations of RA 9288 
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Annex 5. Philhealth Circulars from 2006 - 2011 
Philhealth Circular No 34, s-2006: Philhealth Newborn Care Package (NCP) 
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Philhealth Circular No. 20, s-2007: Amendment to Circular No. 34 s 2006 
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Philhealth Circular No 015, s-2011: Classificatory Guidelines to 
Philhealth Circlar Nos. 11, 11-A and 11-B series of 2011 
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Annex 6. Philhealth Circular No. 2018 – 0021: Enhancement of 
Philhealth Newborn Care Package 
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Annex 7. Implementation of the Expanded Newborn Screening 
Program 

Administrative order 2014 – 0045: Guidelines on the Implementation of the 
Expanded Newborn Screening Program
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Administrative Order 2014 – 0045 – A: Amendment to AO 2014-0045 Guidelines on 
the Implementation of the Expanded Newborn Screening Program
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Annex 8. Administrative Order 2020 – 052 Revised Guidelines 
on the Implementation of the Expanded Newborn Screening 
Program 
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Annex 9. NBS Milestones 1996 – 2020 
February 22, 1996 First organizational meeting attended by representatives from 

different PPS and POGS accredited hospitals in Metro Manila 

April 02, 1996 Creation of the NBS Study group composed of Pediatric and OB-
Gynecology consultants from participating hospitals. Project name: 
Philippine Newborn Screening Project 

June 27, 1996 Commencement of the Philippine Newborn Screening Project in 24 
participating hospitals (18 private and 6 government) 

June 1996 – September 
1997 

Coordination with the New South Wales Newborn Screening 
Program in Australia for test performance and analysis 

September 18, 1997 Start of operation of the Newborn Screening Laboratory at the 
National Institutes of Health, UP Manila 

March 1999 Inclusion of the Newborn Screening Program in Child Health 
2025, a planning framework on children’s health of the 
Department of Health with the ultimate goal of achieving good 
health for all Filipino children by the year 2025 

July 30, 1999 Creation of the Inter-agency Task Force on Newborn Screening 
composed of representatives from DOH as Chair, Institute of 
Human Genetics-National Institutes of Health, UP Manila, DILG, 
midwives’ association, and other health groups 

January 03, 2000 Issuance of Administrative Order # 1-A s 2000 by the Department 
of Health stating the Policies for the Nationwide Implementation 
of Newborn Screening (see Annex A) 

July 19, 2000 Newborn Screening Study Group declared as Outstanding Health 
Research Awardee (OHRA) by the Philippine Council for Health 
Research and Development 

February 07, 2001 Issuance of Department Order No. 29-C s 2001 by DOH, Subject: 
“Creation of the National Technical Working Group on Newborn 
Screening Program under the National Center for Disease 
Prevention and Control”. The group was tasked to provide 
direction and guidance for the nationwide implementation of the 
NBS program (see Annex B). DO 29-C s 2001 has been 
amended by DPO 2005-1660 to reconstitute the NTWG 
membership (see Annex C) 
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February 21, 2003 First National Awarding Ceremonies for the Outstanding 
Achievers in the Implementation of Newborn Screening 
sponsored by DOH and NIH 

May 01, 2003 Canadian International Development Agency (CIDA) awards a 
financial grant to the Institute of Human Genetics to intensify 
promotional and advocacy work on newborn screening in 
Regions 4, 6, 10, with funds allocated for the writing of a Manual 
of Operations for newborn screening 

December 09, 2003 Issuance of DOH Administrative Order No 121, s 2003, Subject: 
“Strengthening Implementation of the National Newborn 
Screening System” (see Annex D) 

January 20, 2004 Issuance of the Presidential Proclamation No. 540, Subject: 
“Declaring the First Week of October of each year as “National 
Newborn Screening Awareness Week” (see Annex E) 

April 07, 2004 Enactment of Republic Act 9288 known as the Newborn 
Screening Act of 2004 (see Annex F)  

October 07, 2004 Signing of the Implementing Rules and Regulations of the 
Newborn Screening Act (see Annex G) 

December 02, 2005 Opening of the 2nd Newborn Screening Center in Visayas at 
West Visayas State University Medical Center 

January 22, 2006 Inclusion of NBS in the licensing requirement of Philippine 
hospitals; 90% of NBS fee covered by national health insurance 
[PhilHealth] 

January 02, 2007 Opening of Scholarships for Genetics and Endocrinology for 
regions without specialists 

December 2007 Inclusion of Newborn Screening in the PhilHealth’s Newborn Care 
Package (NCP) (see Annex I) 

June 12, 2008 Issuance of DOH Memo No. 2009 – 0123 imposing the following 
targets: 30% - 2008, 50% - 2009 and 85% by 2010 (see Annex J) 

June 28, 2008 Creation of the NTWG Panel of Expert Committee 

August 08, 2008 Issuance of AO No. 2008 – 0026 and 2008 - 0026A by DOH 
imposing penalties for non-implementation and/or overpricing of 
NBS (see Annex K) 
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May 20, 2009 Setting up of additional G6PD Confirmatory Centers (see Annex 
L) 

July 7, 2009 Creation of the National Newborn Screening Follow-up 
Committee (NNSFC) 

October 5, 2009 Opening of the 3rd Newborn Screening Center in Mindanao at the 
Southern Philippines Medical Center (formerly Davao Medical 
Center) 

October 2010 Opening of the 4th Newborn Screening Center at the Angeles 
University Foundation Medical Center Central Luzon 

February 2011 Creation of the Committee on Storage, Use and Disposal of the 
Residual Dried Blood Spots (DBS) (see Annex ___) 

June 2011 Initial offering of the MS Genetic Counseling Program by the 
Philippine General Hospital (PGH) – Department of Pediatrics 
and UP Manila College of Medicine 

June 18, 2012 Started inclusion of Maple Syrup Urine Disease (MSUD) in the 
NBS Panel of Disorders  

September 2013 Opening of the 5th NSC in Region 4A (CALABARZON) at Daniel 
O. Mercado Medical Center in Tanauan City, Batangas 

May 2, 2014 Setting up of Continuity Clinics in different parts of the Country 

December 24, 2014 Expanded Newborn Screening – inclusion of more than 20+ 
disorders in the NBS Panel of Disorders 

May 2017 Opening of the 6th Newborn Screening Center in Northern Luzon 
at the Mariano Marcos Memorial Medical Center 

October 4, 2018 Inclusion of Argininosuccinic Aciduria (ASA) in the NBS Panel of 
Disorders 

January 5, 2019 Inclusion of the Expanded Newborn Screening in PhilHealth’s 
Newborn Care Package 

May 1, 2019 Full implementation of the Expanded Newborn Screening 

October 27, 2020 Inclusion of Center for Human Genetics Services and details on 
the treatment and management in the Revised Guidelines on the 
Implementation of the Expanded Newborn Screening 
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Annex 10. Administrative Order No 2018 – 0025 
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Annex 11. NCNBSS Functional Chart 
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Annex 12. Administrative Order 2016-0036 Revised 
Guidelines on the Utilization of the 4% Newborn Screening 
Fund by the DOH-CHDs and DOH BARMM 
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Annex 13. Institutional Database Form 
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Annex 14. FAQ’s About Newborn Screening 
 
What is newborn screening?  
Newborn Screening (NBS) is a simple procedure to find out if your baby has a 
congenital metabolic disorder that may lead to mental retardation or even death if 
left untreated.  
 
Why is newborn screening important?  
Most babies with metabolic disorders look "normal" at birth. By doing NBS, 
metabolic disorders may be detected even before clinical signs and symptoms are 
present. And as a result of this, treatment can be given early to prevent 
consequences of untreated conditions. 
 
When is newborn screening done? 
NBS is ideally done immediately after 24 hours from birth.  
 
How is newborn screening done? 
A few drops of blood are taken from the baby's heel, blotted on a special absorbent 
filter card and then sent to the NSC.  
 
Who will collect the sample for newborn screening?  
The blood sample for NBS may be collected by any of the following: physician, 
nurse, medical technologist or trained midwife. 
 
Where is newborn screening available?  
NBS is available in Hospitals, Lying-ins, RHUs, Health Centers and some private 
clinics. 
 
How can results be claimed?  
Results can be claimed from the health facility where NBS was availed. Normal 
NBS Results are available by 7 - 14 working days from the time samples are 
received at the NSC. Positive NBS results are relayed to the parents immediately 
by the health facility. Please ensure that the address and phone number you will 
provide to the health facility are correct.  
 
What is the meaning of the newborn screening result? 
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A NEGATIVE SCREEN MEANS THAT THE NBS RESULT IS NORMAL. A 
positive screen means that the newborn must be brought back to his/her health 
practitioner for further testing.  
 
Why do some babies need to be retested?  
Here are some possible reasons for retesting: - The sample was taken less than 24 
hours from birth. - There is a problem with the blood sample. - The first test 
showed a possible health problem. Your attending health practitioner will contact 
you if your baby needs a retest. If your baby needs to be retested, get it done right 
away.  
 
What must be done when a baby has a positive Newborn Screening result? 
Babies with positive results must be referred at once to a specialist for 
confirmatory testing and further management. 
 
What happens to the dried blood samples after screening? 
After the dried blood spot has been tested, it will be stored in a secure locked area. 
The stored sample is retained to allow for normal quality control practices and 
may be used for ethics committee approved research for the benefit of the general 
public. 
 
Can a parent refuse the screening of his/her baby? 
A parent may refuse the newborn screening test on behalf of his/her baby and will 
be required to sign the hospital’s Refusal Form. Refusal acknowledges 
understanding that not testing might unnecessarily risk the baby’s health if one of 
the screened disorders is present. 
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Expanded Newborn Screening Pink Brochure (English) 
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Expanded Newborn Screening Pink Brochure (Filipino)
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Annex 15. NBS Refusal Form 
 

English
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Filipino 
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Annex 16. Simple Spot Check Poster 
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Annex 17. Transmittal Form 
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Annex 18. NBS Results (Within Normal Limits) 
Individual Result Parent’s Copy (Within Normal Limits) 

 

Summary Report to NSF (Within Normal Limits) 
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Annex 19. NBS Results (Outside Normal Limits) 
 

Individual Result (Outside Normal Limits) 
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Summary Report (Outside Normal Limits) 
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Annex 20. Parent Refusal on Confirmatory Form 
 

English 
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Filipino 
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Annex 21. Performance Evaluation and Assessment 
Scheme for NSF 
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Annex 22. G6PD Brochure 
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