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Sweat Testing Following Newborn Screening for
Cystic Fibrosis

John Massie, pho FRacP,'* Kevin Gaskin, mp, Fracp,® Peter Van Asperen, mp, Frace,! and

Bridget Wilcken, mBchs, FRACP®

Summary. Sweat tesling remains the "gold standard” for the diagnosis of cyslic fibrosis (CF} and
is a critical component of newbarn seraening programs. We ratrospectively revicwed swaat tesl
resulls raported 1o a necnatal serasning program for CF with respect o completensss of re-
portad results and the values racorded for sweal chioride {CI=} and sadium (Na*) concentrations
and tha Cl=Na' ralio in screenad infants. :

Thirty-rine of 85 AF508 homozygous {AFSUB/AFE08) and 270 of 274 AFS08 hoterozygous
{AF50B/=) infanls had sweat tests reported o the soreening program. Of Lhose, 30 and 213
swaat test reporls, respectively, ware complele, i.e., sweat waight, sweal chloride, and sedium
wara repoed, Three centars accounted for 37 of 63 {54%%) incomplete results, and 4 canters
parformed 4 or less post-soraaning sweal lests in the study period. Thero were 6 AFE0E hel-
arozygous infants with sweat Cl- concenlrations of 40-60 mmol/L and 4 had CF confirmed by
additional genotyping (n = 2) or clinical and repeat sweat Cl results (n=2), Forty-ona parcent of
AFS08/—infants with swaat Cl- =40 mmolL had ChMNa =1.

We ponclude that the raporting of incomplate sweat tests s commen following nawkborm
screening for GF. Infants with sweat Cl- levels of 40-60 mmaliL reguire further investigation and
review, but thoy almast cartainly have GF, Tha Cl=-Ma+ ratioc does not appaar useful in estak-

lishing a diagnosis of CF In Infants. Pediatr Pulmeonal. 2000;29:452-456.
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INTRODUCTION

The sweat test remains the principle investigation for
the confirmation of the diagnosis of cystic fibrosis
(CF).!? Since 1993, newborn screening for CF in the
state of New South Wales (NSW), Australia, has in-
cluded AF508 mulation analysis on all infanls with an
elevated neonatal immunorcactive trypsinogen (IRT).
Over 370,000 infants have so far been screened with this
protocol. Infants homozygons for AF508 have cystic fi-
brosis, while infants heterozygous for AF508 are referrail
for sweat testing. The sweat test is uvsually performed
arounil & weeks of ape, and adequate amounts of sweat
can be collected at this age by an experienced center.”
Close attention to technique is essential, and measure-
sment errors can result in false-positive and false-ncgative
resulls, with serious consequences.®® The chloride value
is the most sensitive sweat electrolyte for diagnosis, al-
though measurement of socium provides a valuable in-
ternal control, as the two values are nsvally similar.” The
nsefulness of the relationship between chloride and so-
dium is unclear. 1%
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While sweat testing of infants after newborn screening
has heen reported as uvselul,*!! the sweat tests were pel-
Farmed under study conditions, which does not necessar-
ily reflect clinical practice, We reviewed the sweat lesl
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results reporied to the New South Wales Newhom
Sereening Program between January 1993 am! December
{006 to asscss the completeness of reported resulls and to
study the values of chloride and sodium concentrations in
the collected samples and the C17:Na* ratio in AF508
homozygous and heterozygous infants identified by
sCreening.

MATERIALS AND METHODS

We examined all sweat test resulis reported to the
NSW Newborn Screening Program from January 1993 to
December 1996, Missing results were sought at the swesl
test referral center nearest 1o the infant's place of birth.
We considered a complete sweal lest report 1o be one that
included sweal chloride and sodium ‘levels and -the
weight or volume of sweat. The method of sweat collec-
tion and analysis from cach center was notetl.

Infants were referred for sweat testing after newborn
screening if they were identified with an elevated neo-
natal IRT (=99th percentile), and had either one of TWO
copies of AF508. No additional mutations were analyzed
as part of routine screening; however, if an infant had a
borderline test (sweat Cl~ of 40-60 mmol/L) or positive
sweat lest (sweat Cl- =60 mmol/L), then further muta-
lions were sought. We also included infants who had an
elevated IRT, no copy of AF508, bul symptoms CONSiS-
tent with cystic fibrosis and referred for sweat tesling.
Infants without an elevaled IRT, bul with a farnily history
of cystic fibrosis also had AF3508 mutation analysis per-
formed by the newborn screening program, and those
identified as AF308 helecrozygotes were referred for
sweat lesting.

Sweat tests were classified according o the following
criteria; positive (sweat CI- >60 mmol/L), borderline
(sweat CI~ 40-60 mmaol/Ly, and negative {swear C1~ <40
mrmol/L), Infants were divided int groups based on their
initial TRT, AF3508 status, and sweat chloride results. The
groups were statistically analyzed using Student’s 1-test,
anil significance was taken as P < 0.05.

RESULTS

From January 1993 1o December 1996, 85 AF508 ho-
mozygous (AFS08/AFS08) and 274 AF508 hetcrozygous

;
Abhrevialions

CF Cystie [hrosis

CFTR Cystic fibrosis transmembranc vonductance regalaror
Cl Chloride

IET  Immunoresctive irypsinopen

Ma Sodium

MNSW  Mew South Wales
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TABLE 1—Sweat Tast Methods

Mumber of Centers

Component of sweal lest (n= 12

— e AL D D

Sweat indoction Pilocarpine jontophorcsis
Dither

Gibson and Cooke!
Macreduct’?

Orher

O and Mu'

Ma only

Conduclivity

Sweat collecrion

Sweal analysis

{AF508/-) infants with an clevated neonatal IRT were
referred for swear testing. A further & infants with an
elevated IRT, but no copy of AT508, were reengnized
hecouse of clinical symptoms {(meconium ileus, n = A
respiratory discase, n = 3y and were found to have a
qweat CI- level >60 mmol/L. Eighteen infants with a
Family histary of cystic fibrosis, hut withoul an elevated
IRT, were tested for AF308; nine were found to be
AF508 helerozygotes, and thesc were referred for sweat
tesling.

Despite recommendations that AF508 homozygous in-
fants should undergo sweat testing, only 39 sweat {csts
were reported 10 NSW Newborn Screening (46%), of
which 30 reports were complete. The reasons for incom-
plete results reported were: insufficient sample (n = 2).
unable to analyze for chloride (n = 13, chloride reported
only (n = 2), and no reason identified (n = 2). :

OF the 274 AF508 helerozygous infants with an cl-
evated TRT, results could not be located for 4 infants
(1.59%), and 57 infanls had incomplete results reported.
(20.89%). In addition, one infant had a falsc-positive re-
sult at a regional center, and 2 infants had borderline
sweat tests at regional centers, of which one was negative
(C1- =40 mmol/L) and one posilive (Cl™ =60 mmol/T.)
when the sweal test was repeated at a tertiury referral
center. There were no reports of complications from the
cweat tests. The reasons for the incomplete results were
as follows: unable to analyze for chloride (n = 17),
insufficient sample (n = 9}, conductance measurad only
{n = ), and no reason identified {n = 22).

Twelve centers reported sweat tesls in Mew South
Wales, and details of sweat induction and collection are
presented in Table 1. Three centars accounted for 37 of
the 68 (54.4%) incomplete results, which included the
center analyzing for sodium only and another center per-
forming conduclivity measurciments. Eaur other centers
reported four or less post-newborn screeming sweat Lests
over the 4 years of the review {equivalent to one (o5t por
year).

To examine the values of sweat Cl- and Na* concefl-
trations and the C1:Na* ratio for diagnosis, only com-
plete resulis were analyzed. Subjects with complete 1e-
«ults were divided inio groups based on neonatal IRT,
AFS08 status, and sweal chloride results (see Table 2).
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TABLE 2—Sweat Chioride and Chloride: Sodium Ratio by Infant Group'

Mean sweat Ty CIm M’
Dhugnosis n RT Cenotype C17 = 50 mnol/L. T =1 (%)
1. Carrier & <G AFZ0E- 138+£590 0.95 a3
2, Carrier 188 Rt g ASOE- 15.3+62 (.94 41
1, Bordarling & T ASUE- 403 = 4.6 1.23 100
4, Cystic fibrosis 25 =0 AFS08/- B0 5 132 L.1é 95
5. Cystic fibensis ] PR APS0B/ATFS08 a04 +13.7 1.17 5l
6, Cysnic fibrosis 4 = =1 102+11.9 1.03 50

LATSORAESUS, AFS08 homozygote; ARG, AFS0R heteroeypole,
sWheal 12815,

The retrospective natre of this study did not permil
the measurement of sweal chloride in a control group.
However, from a carefully performed study of 41 infants
known not to carry AF508 and who were of a similar age
to the infants in this study (-8 weeks of age). the'mean
sweat CI™ level was reported as 10.6 = 5.2 (SD) mmol/
I..)! The mean sweal chloride of AF508 heterozygotes
with an clevated IRT in our stwdy is one standard devia-
tion above repurted infant controls (sce Table 2). The
spread of sweat CI results, however, is such that it is not
possible Lo use sweat chloride to distinguish carniers of
AF50% from conirols. There was no difference between
the mean sweat chloride of AF508 heterozygotes with
<99th percentile IRT {Group |} and those with a =80th
percentile IRT (Group 2), £ = 0.5 (958 confidence
interval (C) —5.9, 2.9 mmol/L). There was dlso no dif-
ference between the mean sweat chloride of AT508 het-
crozygous infants with a sweat chloride >60 mmol/L
(Group 4) and infants homozygous for AIS08 (Group 3),
P = 0.8 (95% CI —8.3, 6.5 mmol/L).

OF the 6 infants with borderline sweat C1™ concentra-
tions 2 have been previously reported with persistently
borderline sweat Cl-, but with pancrealic electrolyte se-
crelion on pancreatic stimulation testing in the cystic
fibrosis range; both had the AFSO&/R117H genotype.'?
OF the remaining 4 infants with borderline sweat chlo-
ride, two have suppurative lung disease and sweat CI7
levels =60 mmal/L at 12 months of age, one has persisi-
ing horderline sweal CI™ levels, and the fourth infant is
clinically well, but has low pancreatic electrolyte scere-
tion, in the same range as patients wilh clearly estab-
lished CF

The sweat Clm:Na* ratio of the subjects in each group
is presented in Table 2 and graphically in Figure 1. All
the infanis with borderline sweat chloride had a sweat
Cl—:Na* ratio =1, as did most of the infants with sweal
CI~ =60 mmol/L. However, 415 of carrier infants had a
C1=:Na* ratio >1, creating & good deal of overlap. The
Four AFS08 carricrs (Group 2) with Clm:Na* ratios >2 had
relatively low sodium values, suggestive of poor analyti-
cal precision. The positive predictive value ul the
Cl™Na* patio was 37%, making the ralio not helpful for
dingnosis in seraaned infants.

—/—, noy copy of AF308, Data are included only from cometly reported

DISCUSSION

The reporting of incomplete sweat test Tesults to New
South Wales Newborn Screening Program is cormmon.
Muost of the discernible errors were due to poor tech-
niques of sweat analysis, although the reported rate of
insufficient sweat collection (3.5%) was acceptable. T is
possible that some cenlers measured both C1- and Na*
concentrations, but only reported C1™ or failed Lo report
the sweat volume. Nevertheless, these details are vital (o
the clinician making decisions based on the sweat test
report. Of additional concern is that inexperienced cen-
ters arc performing sweat tests in infants who are at
significant nisk of having CF.

Srandardization of requirements for sweat testing is
needed for centers that offer neonatal CF screcning. Bec-
ommended technigues of sweat testing include sweat in-
duction by pilocarpine iontophoresis, with sweat collec-
tion by either the methods of Gibson and Cooke! or the
Wescor macroduct,!31# Measurernents of osmolalily or
conductivity of sweal alone are inadequate. An area of
skin on a limb 2 % 2 em should be used with collection
lime no greater than 30 min to ensure a minimum sweat
rate of 1 g/mmin.'? The minimum weight of sweat for
the collection method of Gibson and Cooke' should be at
Jeast 75 mg,'* although 100 mg is prefered.'® Volumes of
sweat in the Wescor macrodduct are more difficult to es-
timate, but at least 15 L are required to analyze both
chloride and sodium.™ The error in chernical analysis of
the sweat is inversely related to the volume collected,
which is why camplete reporting of results is impuorlant
to establish that the correct technique was followed.®

Distance from suitably qualified laboratorics is o lo-
aistic problem in a country such as Australia, and ap-
peared |0 he the principle reason for inexperienced cen-
ters performing sweat tests, An unreliable sweat test iz of
no clinical value, but for infams defected by screening,
the sweal test is of such importance that the effort re-
quired to travel o a center thal regularly performes the test
seems justified.

There was one false-positive, and two false-borderline
results from repional centers. The sweal (ests wore re-
pealed at tertiary referral centers in onder to confirm or



Sweat Tests After CF Newborn Screening 455

3 T ___——————"|
+ »
L]
2.5
-+
e 2-
™ " .
[0 L
] - EY 5 L]
L
E e * i *‘ . " * '4
) +* » . &
E‘P *+ 2 *e$ "‘:tm" * e Ly ‘r vy T *
‘% & ‘l‘” + - ‘.ﬂ*
(% -3 N— I fgﬂi*i:‘_?‘_"'__t"’&‘"__'"'th—“""__":'t"
& & t:uﬂ? :‘ &
"‘ e & L] :* Q.‘,
0.5 - l‘q“#" &
e
0 : —
N IRT Elevated IRT Borderline  AF508/- AF508/AF508 -

Fig. 1. Comparison by infant group of sweat chlorida:sodium ratio following newbarn sereening. AFS08/-, AF508 haterozygote;
AFROB/AFS08, AFS08 homazygole; —/=, No GORY of AF508; IRT, immunoreactive rypsinogen; CF, cystic fibroeis; Gl chioride; MNa,

sodium.

exclude a diagnosis of cystic fibrosis. In this way, false-
positive sweat lests secil more common than false-
negative tests, as negative Lests are rarely repeated.! ™'
However, up tn 12% of cystic fibrosis patients have heen
reported in the clinical setting as baving false-negative
sweal tests, with technical considerations and incorrect
interpretation being the Most comMIMON causes.'? The high
number of incompletely reported results and inappropri-
ate sweat analysis techniques after newborn screening in
New South Wales makes it possible that technical false-
nepative tests have been performed, but there may be
some delay to preseniation before being able to eslablish
this.

Sweat testing is still recommended by the NSW New-
horn Screening Program for AF508/AF508 infants in or-
der to confirm the diagnosis. Principally this protects
agamst the possibility of a clerical error occwrring al
some stage along the pathway of sereening and against
the rare possibility of an infant having FaaeC (2 nomlis-
easg-producing polymorphism}. To our knowledge, no
clerical ercor has ovcurred since the introduction of the
IRT/AFS08 screcning protocol, and many AF308 homo-
zygous infants are symptomatic at the time of notifica-
tion of the newhorm sereening resull. In the presence of
classic symptoms, sweil testing, of the A5O3 homozy-
gous infants detected by screening is less critical.

Apparent ercors in sweal test results may be due Lo
physiological reasons, even with a lechnically satisfac-
tory test. Some of these factors associated with false-
negative resulls include dehydration with secondary hy-
pm'alde.rsleronism, h;.rpopruteinemia, and edemi,
although our study did nol allow us to determine if any of
hese were present. There arc age-related changes (sweal
electrolytes gradually increase with age), but sweat clec-
trolyles are also known to be hich in the first fow days of
Jife.20 By the time of notification of the newborn screen-
ing results, this is no longer a conceril. Wariabilily 10
gweal test values Over time has heen described, but is
poorly undersiood. There are reports of infants wilh ini-
tially negative tests thal later became positive.”"** In-
fants detected on screening with horderline sweat elec-
trolytes may well be in this group, and it secms clear thal
the @ infants in this study with one AF508 allele and
horderline sweat chloride {40-60 mmol/L) have cyshic
fibrosis. A sweat chloride valoe of 40 mmol/L i3 5%
standlard deviations above infant controls and has a Lo
probability of heing normal. The sweat CImiNa® ratio was
=1 in all 6 infants, bul given that the positive predictive
vilue of the Cl:Na® ratio was 3745, it is hard to place
much importance on the diagnostic usefulness uf the ra-
tio in infants. This is not to dirninish the importance of
measucng sweat Na', which serves as a useful control
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for sweat chloride, and the values should be similar. Sig-
nilicant deviation in results indicates a problem in the
testing procedure and & need for relesting,

While a negative sweat test does not exclude a diag-
nosis of cystic Abrosis,™ it is important to ensure that
technical reasons do not account for false-negalive (or
false-positive} sweat test results. Centers involved in
newhorn sereening for cystic fibrosis need to ensure that
facilies for accurate sweat testing are available. Only
centers performing sweat tests frequently, by accepted
methods (Gibson and Cooke,! Wescor macraduct '), and
with complete reporting (chloride, sodium, and weight/
volume of sweat), should e used.
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