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Abstract We report a case of false-positive metabolic
screening for isovaleric acidemia in a newborn due to
treatment of the mother with pivalic acid containing
antibiotics before delivery. By using a recently established
second-tier test based on the tandem-MS technique, we
could identify pivalic acid in a dried blood sample taken
during routine neonatal screening. Before this second-tier
test was initiated, diverse analytical procedures were
performed in the baby to rule out isovaleric acidemia
and carnitine supplementation was started. This caused
additional psychological burden to the family. The direct
use of the second-tier test would have avoided these
negative consequences of a false-positive screening result.

Introduction

Electrospray ionization tandem mass spectrometry is used as
a standard method for newborn mass screening of inborn
errors of metabolism worldwide. Isovaleric acidemia (IVA) is

a target disease of the current newborn screening program in
Germany with an incidence of 1–1.5 per 100,000 screened
newborns (own observation and Ensenauer et al. (2011);
Smith and Matern (2010); McHugh et al. (2011)). IVA has a
spectrum of biochemical and clinical phenotypes, including
an attenuated form that makes clinical diagnosis difficult
and may be associated with only mild elevation of
isovalerylcarnitine in newborn screening.

A known cause of false-positive testing for IVA is the
presence of the isomer pivalic acid in the dried blood spots.
The established newborn mass screening method is not
suited to separate isomers. Antibiotics given to the mother
before delivery are a common source of the C5 isoform
pivalic acid (Abdenur et al. 1998). Pivampicillin is hydro-
lyzed to pivalic acid after absorption (Melegh et al. 1987).

False-positive results have to be avoided whenever possible
as they will cause a considerable psychological burden to the
family. Furthermore, they give rise to unwarranted follow-up
procedures that are invasive and sometimes even require
hospital admission (Smith and Matern 2010; Hewlett and
Waisbren 2006; Fyr€o and Bodegård 1987; Lipstein et al.
2009).

We report a case of false-positive metabolic screening
for IVA in a newborn due to treatment of the mother with
antibiotics before delivery, which resulted in pivalic acid
production. By using a recently established second-tier test
based on the tandem-MS technique (Janzen et al. 2013), we
could identify pivalic acid in a dried blood sample taken
during routine neonatal screening. Second-tier tests are not
uncommon in newborn screening to identify false-positive
results, for example in tyrosinemia type I (Sander et al.
2006).
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Case Report

The patient is the first child of non-consanguineous healthy
parents. After an uncomplicated pregnancy, the child was
born via caesarean section at 36 weeks of gestation during a
family holiday in Denmark. Because of early rupture of
membranes, the mother received an antibiotic treatment
with six doses of Pondocilline® (à 500 mg pivampicillin)
and metronidazole (à 500 mg). The treatment was stopped
immediately after delivery.

Delivery was uncomplicated, and cardiorespiratory adap-
tation of the child was fine. The child was breastfed,
supplemented with formula milk. A first newborn screening
for inborn errors of metabolism was carried out in Denmark
at the age of 3 days with normal results. IVA is not included
in the standard Danish neonatal screening program.
A second screening test was performed by the local German
pediatrician on day 5, as he wanted to offer the family the
newborn screening panel available at the local program.
This test showed an elevated level of isovalerylcarnitine at
2.6 mmol/l (reference <0.5 mmol/l). The isovalerylcarnitine/
acetylcarnitine ratio was increased (0.1; reference <0.03).
Values were similar in the recall sample.

Follow-up testing in dried blood spots showed a
spontaneous decrease of isovalerylcarnitine to 1.0 mmol/l
on day 9, while the isovalerylcarnitine/acetylcarnitine ratio
dropped to 0.04 (within reference range). Organic acids in
urine were negative for isovaleric acid and isovalerylglycine.
As a variant form of IVA was suspected after the initial
positive result, carnitine supplementation (50 mg/kg per day)
was started. In the meantime, second-tier testing as described
below revealed substantial amounts of pivaloylcarnitine in
the blood, while isovalerylcarnitine was normal. After
obtaining this result, carnitine supplementation was discon-
tinued. Further controls showed a normalization of blood
“isovalerylcarnitine,” i.e., pivaloylcarnitine.

Initially, the mother was not aware that she had been
given antibiotics. Subsequently she remembered that some
medication was given to her before delivery. The clinical file
was obtained from the Danish hospital where birth took
place. It revealed treatment with Pondocilline® and metroni-
dazole because of early rupture of membranes. Pondocil-
line® contains pivampicillin which is broken down to
ampicillin and pivalic acid in vivo. The initial newborn
screening sample from Denmark was sent to us for analysis
and showed a high peak of pivaloylcarnitine.

Materials and Methods

A second-tier test for differentiation of C5 acylcarnitines
using UPLC-MS/MS in dried blood was carried out using
the method recently described (Janzen et al. 2013).

Results

The time course of acylcarnitine levels is summarized in
Table 1. A chromatogram from the patient is shown in
Fig. 1.

Discussion

IVA is a target disease of the newborn screening program in
Germany and other countries. Pivalic acid as a constituent
of some antibiotics is known to interfere with IVA-testing
leading to false-positive results (Abdenur et al. 1998). This
will lead to considerable psychosocial burden for the
parents and other relatives and will give rise to further
biochemical testing in the baby. We describe the use of a
second-tier test that enables screening laboratories to
identify pivaloylcarnitine as the cause of elevated C5
giving false-positive results for IVA (Janzen et al. 2013).
Over a 2-year period we obtained a total of 350,837
German neonatal samples, 227 cases with elevated C5 were
reported as positive (0.064 %). The samples received from
abroad (22,084 cases) showed a higher percentage of
positive samples (104 cases, 0.47 %). Thus, a significant
number of positive samples are found during neonatal
screening for IVA. These figures emphasize the need for
rapid specification of C5 isomers. The second-tier test
described allows rapid separation and quantification of
various C5 acylcarnitines which may underlie elevated C5
levels in routine newborn screening in the original blood
sample (Janzen et al. 2013).

Maeda et al. (2008, 2007) previously described the
chromatographic separation of acylcarnitines from serum
and urine. However, their method needs a second sample
from the patients (urine or serum) and the sample
preparation requires the use of solid phase extraction
material (SPE).

Forni et al. (2010) used similar hardware equipment for the
separation using plasma or dried blood spot material. Before
quantification, they derivatized the acylcarnitines. During this
chemical process some acylcarnitines can be fragmented to
free acids and carnitine; therefore, we decided to measure the
acylcarnitines without any chemical modification.

Ferrer et al. (2007) described a rapid method to separate
C4 and C5 acylcarnitine isomers in plasma samples. The
validation data agree well with our findings. The separation
time was about twice as long, the sample volume was 50 ml.
The most important advantage of our method is the option
to use blood from the original screening card. By using a
UPLC-technique the test is faster, more sensitive, and
cheaper compared to the conventional HPLC method. Thus,
false-positive results can be rapidly excluded without any
burden to the newborn and his family.
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Table 1 Acylcarnitine concentrations in dried blood spots from our patient. The cutoff for the routine screening method with butylation is
0.5 mmol/L. nd – not detected

Sample
number

Day after
birth

C5 carnitines
(butylated) [mmol/l]

Pivaloylcarnitine
[mmol/l]

2-Methylbutyrylcarnitine
[mmol/l]

Isovalerylcarnitine
[mmol/L]

Valerylcarnitine
[mmol/L]

1 3 4.12 6.02 nd 0.05 nd

2 5 2.64 3.55 0.02 0.04 nd

3 5 - 3.69 nd 0.04 nd

4 5 - 3.74 0.02 0.04 nd

5 9 1.00 1.20 0.02 0.05 nd

6 19 0.32 0.29 0.04 0.08 nd

7 41 0.18 0.04 0.04 0.08 nd

8 55 0.13 0.02 0.05 0.08 nd

9 126 0.08 0.01 0.03 0.05 nd

Fig. 1 Chromatographic separation of the C5 isoforms (solved in
methanol/water). The deuterated d9 isovalerylcarnitine (internal
standard) is shown in the bottom chromatogram. Sample of the

patient (day 3) eluted from the dried blood spot (bottom chromato-
gram). The pivaloylcarnitine was the most prominent peak, all other
C5 acylcarnitines were only detected in low concentrations
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The newly established test is able to increase specificity
without hampering sensitivity in IVA-testing and does not
require additional instrumentation. The small sample
volume of a 4.7 mm diameter blood spot equaling 5ml
whole blood prolongs the lifetime of the column and the
hardware equipment, the method therefore is fast and
cost-efficient.

We advocate including this second-tier test in screening
in every sample tested “positive” for IVA. It is generally
possible to run the method on a conventional HPLC with a
less powerful mass spectrometer. This is associated with a
longer run time and a lower sensitivity with an increased
consumption of flow agents. The advantage of the
described method is the use of very little material and
rapid separation with high sensitivity.

Further testing in a large newborn cohort is necessary to
corroborate our promising results.
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