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Sweat tests in the newborn period
Meconium ileus causing intestinal obstruction in

the newborn can sometimes be treated conserva-
tively rather than surgically. The diagnosis of cystic
fibrosis (CF) in the first few days of life is therefore
of more than academic interest. Elian, Shwachman,
and Hendren (1961) found sweat sodium concentra-
tions over 70 mEq/1. in 4 infants with intestinal
obstruction from meconium ileus, and lower values
in 2 infants with obstruction from other causes.
Using pilocarpine iontophoresis they were able to
collect sufficient sweat to measure the sweat
electrolytes in 31 out of 42 babies aged from 4 to 96
hours.
We have studied the reliability of sweat tests in

the newborn period using a modification of the
method originally described by Anderson and
Freeman (1958) where sweat is collected on a
weighed filter paper after intradermal injection of an
acetylcholine compound. This has been the standard
method for sweat tests in this hospital for over
20 years and has proved entirely satisfactory.

Material and methods
Sweat tests were done on 65 infants aged between

2 hours and 2 months; in all but 1 enough sweat was
obtained to measure the sweat sodium concentrations.
The tests were repeated later in 8 infants. Parental
permission was always obtained.
The temperature of the incubator or room was brought

up to about 35 °C so that the babies were warmed for
half an hour before starting to collect the sweat. Two
different sites, back and either chest or thigh, were used
in most cases. At each site 0 * 25 mg (O 05 ml) bethanechol
chloride was injected intradermally in two areas of skin
3 cm apart and covered by a 7 cm diameter filter paper.
By leaving the tip of the fine needle under the skin after
the injection for a few seconds while the area was
massaged with a finger of the other hand, leakage of the
injected fluid and blood could usually be avoided.

Sweat sodium concentration was measured in all
samples from the 65 babies, potassium in most of these,
and chloride in 24.

Results
In all but 1 of the 65 babies (the youngest aged

2 hours) the amount of sweat obtained was sufficient
for our purpose (> 100 mg). There were no harmful
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FIG. 1.-Sweat sodium concentrations measured on day 1
and repeated subsequently in 8 infants.

effects though the temperature of some babies rose
to 38 °C as a result of the warming.

Day 1. Results for the 35 babies aged less than
24 hours (Table) show that mean values of sodium
of 80 mEq/1. or more were found in 6 cases (see
daggers in Table). In 5 of these 6 permission was
given to repeat the tests and sweat sodium concen-
trations below 70 mEq/1. were then obtained in all
5 cases. The results of these, together with the
results of 3 other repeated first day tests, are shown
in Fig. 1.

Day 2 and later. The effect of age on sweat
sodium levels is shown in Fig. 2. This gives the
results of 72 tests on 64 babies. Higher sweat sodiums
were obtained on the first day of life (mean 50-8
mEq/1.) than on the second (mean 38-6 mEq/1.,
P<0 07). Thereafter there was a tendency for a
slight fall to take place with increasing age, but the
differences were not significant.

Sweat potassium concentrations were estimated
in nearly all cases. There was no significant
difference between the results on the first and sub-
sequent days.

Sweat chloride concentrations were estimated in
24 babies: in 9 they were higher than the sodium
concentrations, in 9 they were lower, and in 6 they
were virtually the same.
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TABLE

Sweat tests-age 2 to 24 hours

Case Sex Birthweight Age Wt of sweat* Na + * K + * C1*
no. (kg) (hr) (mg) (mEq/1.) (mEq/1.) (mEq/1.)

1 M 3-47 2 61 27 (32,21) 15
2 M 3*47 3 224 39 (33,44) 15
3 M 4-06 6 214 43 (49,36) 12
4 F 2-94 10 86 60 (63,56) 10 42
5 M 3-51 11 524 47 (49,44) _
6 M 3-60 12 670 34 (34,33) _
7 F 1*96 12 156 68 19
8 M 3 *24 12 230 40 (34,46) 14
9 F 3*14 12 505 47 (48,45) 10
10 F 3-32 12 406 61 (57,65) 17
11 M 3-33 12 167 138t(143, 133) 21
12 M 3 *66 14 351 67 (62,71) _
13 M 3-22 14 172 58 (50,67) 11 39
14 M 3-31 14 338 80t(86, 74) 9
15 M 3-38 15 392 24 (24,23) 19
16 F 3-46 15 550 51 (56,46) 9
17 F 2-56 16 606 30 (25,35) 9
18 M 3 73 1 8 359 30 (29,30) 11
19 F 2 *43 19 576 43 (44,41) 14
20 F 3 79 19 446 22 (23,21) 13

Twins 21 F 2 18 20 36 25 (10,40) 10
w 22 F 1-14 20 42 18 (25,10) 15

23 F 4 -05 20 453 66 9
24 F 3-15 20 195 89t(96, 90, 81) 12 77
25 F 4-18 20 586 37 (42,31) 11
26 M 2 *33 20 152 49 23
27 M 2 *77 21 130 50 (53,42, 54) 12 30
28 F 2 97 21 309 91t(98,80,96) 14 70

Identical j 29 M 2 *78 21 305 20 (19,21) 14 19
twins \.30 M 2 *34 21 353 24 (22,25) 11 24

31 M 3 *86 23 427 37 (40, 37, 34) 13 24
32 F 3 *55 23 126 39 19
33 M 2 *87 23 103 83t(94, 88, 67) 15 46
34 M 4 40 24 91 93t(101,89) 15 105
35 F 3 *47 24 35 49 (52,45) 11 77

*Mean values from 2 or more sites. (Individual values of Na + results from different sites in parentheses).
t6 cases with Na values >80 mEq/1. (See Fig. 1 for repeat tests on 5 of these.)
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The sodium, potassium, and chloride concentra-
tions measured in sweat obtained from different
sites were generally consistent at all ages.
There was no significant difference in electrolyte

results between the sexes.
The sweat sodium concentrations did not vary

with the amount of sweat produced.

Discussion

E 20- 181 (51 We found it possible to obtain adequate amounts
I of sweat from almost all babies in the newborn

- period.10
101 pElian et al. (1961), using pilocarpine iontophoresis,

3 came to the conclusion that CF could be diagnosed
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on the first day of life. Durante and Rolando (1970)

Aqde2vs also using pilocarpine iontophoresis found that a
small proportion of newborns had high values of

FIG. 2.-Sweat sodium concentrations related to age. sodium and chloride in days 1 and 4, but all were
72 tests on 64 babies. Means and standard errors of means normal when retested at 1 month. Compared with

(number of babies in parentheses). their study, the present method gave a higher success
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rate in terms of the amount of sweat produced and
the virtual absence of failures.
On the first day of life the average level of sweat

sodium was decidedly higher than on the second and
subsequent days, with an appreciable number of
day 1 results exceeding the level of 70 mEq/1.,
generally accepted as the upper limit of normal. In
one case the level was as high as 138 mEq/1. All
5 out of the 6 cases with high values on day 1, and
which were available for retesting later, then gave
normal levels well below 70 mEq/1. (Fig. 1).
We conclude that a high sweat sodium (>70

mEq/1.) on day 1 is not necessarily indicative of
CF, but from day 2 onwards it is much more likely
to be so.
Although the method is obviously not practicable

as a routine screening procedure for CF, there are
two circumstances when it is indicated. (1) Intes-
tinal obstruction due to suspected meconium ileus,
since if that diagnosis is confirmed by finding an
abnormal sweat sodium level, conservative treat-
ment with enemas may be appropriate; and (2)
a previous sib has suffered from CF, with the 25%
risk for subsequent offspring.

Summary
Sweat sodium was measured in 65 infants aged

between 2 hours and 2 months; in many cases
potassium and chloride were also measured.
Localized sweating was induced by injecting intra-
dermally 0 * 25 mg bethanechol. On day 1 an appre-
ciable number of normal infants had a sweat sodium
> 70 mEq/1., but from day 2 onwards such a high
level is unlikely to be found in the absence of cystic
fibrosis.
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Gestational age assessment in
Nigerian newborn infants

An objective assessment of maturity is often the
only way to judge the gestational age of newborn
infants in paediatric practice in Zaria, a city situated
in the savannah belt of West Africa. Few mothers
know the date of their last menstrual period. This,
and the lower average birthweight of their children
compared to European newborns, leads to confusion
in the distinction between short gestation and
small-for-dates infants. The average weight at
birth of 1400 babies born in Zaria between October
1971 and April 1972 was 2988 g.
The most readily applicable postnatal criteria in

use are neurological (Amiel-Tison, 1968) and
physical external characteristics (Farr et al.,
1966b). The accuracy of prediction is increased
by using combinations of these parameters (Farr,
Kerridge, and Mitchell, 1966a; Dubowitz, Dubo-
witz, and Goldberg, 1970). We were interested
to see if the observations made on American and
European infants could be directly applied to the
African.

Methods
We have based this study on the system proposed by

Dubowitz et al. (1970). All healthy live babies born
in March and April 1972 were examined by one of us
(M.J.B.) within 24 hours of delivery. 640 women
delivered before 50 were found who satisfied the

TABLE
Correlation coefficients for individual criteria

Criterion Correlation coefficient

Posture 0 *2895
Square window 0-4743
Ankle dorsiflexion 0-3327
Arm recoil 0*0
Leg recoil 0-2895
Popliteal angle 0-5467
Heel to ear 0-4848
Scarf sign 0-4299
Head lag 0-3904
Ventral suspension 0-5837
Oedema 0 *6372
Skin texture 0-4221
Skin colour 0*3664
Skin opacity 0*3879
Lanugo 0-3739
Plantar creases 0*3992
Nipple formation 0*6975
Breast size 0-4517
Ear form 0-4225
Ear firmness 0*3569
Genitalia 0*0617

Overall correlation coefficient 0-7416.
P 0-1 correlation coefficient 0-3541.
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