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SUMMARY
We report a case of a female infant with an elevated
17-hydroxyprogesterone level detected in the newborn
screening for 21-hydroxylase deficiency, the most
common cause of congenital adrenal hyperplasia. The
physical examination was unremarkable including no
dysmorphism and no signs of virilisation. In the absence
of clinical evidence of androgen excess, as would be
expected in a female infant with 21-hydroxylase
deficiency, further evaluation was performed and led to
the diagnosis of the extremely rare disorder, 3β-
hydroxysteroid dehydrogenase deficiency. This case
highlights the differential diagnosis of elevated 17-
hydroxyprogesterone levels in newborn screening and the
importance of correct diagnosis for improving patient
care.

BACKGROUND
Congenital adrenal hyperplasia (CAH) refers to a
group of autosomal-recessive disorders of cortisol
biosynthesis.1 The incidence of CAH is about
1:10 000–1:15 000 in most populations.2 More
than 90% of cases result from steroid
21-hydoxylase deficiency caused by mutations in
CYP21A2. Newborn screening for CAH became
practical in the late 1970s with the use of heel stick
capillary blood specimens spotted onto filter paper
for measuring 17-hydroxyprogesterone (17-OHP)
level, the steroid precursor just proximal to the
defect (figure 1). CAH screening is justified because
it prevents a potentially deadly treatable disease
and in rare instances avoids incorrect male sex
assignment of severely virilized female newborns.3

Currently, the 17-OHP level is usually measured
rapidly by automated time-resolved dissociation-
enhanced lanthanide fluorescence immunoassay
(DELFIA). Since the screening test produced a high
number of false-positive results due to cross-reactions
of the antibody with other steroids, the assay was
reformulated in 2009 to make it less sensitive to
cross-reacting compounds.3 Independent of the spe-
cificity of the immunoassay, other aspects limit accur-
acy of diagnosis. Clear normal ranges that distinguish
disease from normal state are difficult to establish
because the concentrations of 17-OHP are normally
high at birth and then decrease rapidly over the first
few postnatal days. Thus, diagnostic accuracy is rela-
tively low during the first 2 days. In addition,
preterm and stressed infants typically have higher
concentrations than do healthy full-term infants.
Accordingly, an isolated 17-OHP level must be inter-
preted in the context of key additional information
such as pregnancy history, gestational age and birth

weight, stress level and the age of the newborn on
the day of the test.4

The aim of this case report is to present a female
infant with an unexpected positive screening test.

CASE PRESENTATION
Newborn screening results obtained at day 2 after
birth from a phenotypic female infant revealed an
elevated level of 17-OHP 153 nmol/L (5095 ng/dL),
normal range <40 nmol/L. The patient was the
product of a full term, uneventful pregnancy and
delivery. Birth weight was 3270 g. The parents were
second-degree cousins of Jewish ethnicity from the
Caucasus. The physical examination was unremark-
able including no dysmorphism and no signs of
virilization.
In the absence of clinical evidence of androgen

excess, the screening test result could be interpreted
as false positive. However, a repeated screening test
from spotted blood at age 6 days revealed an
unequivocally high 17-OHP level of 500 nmol/L
(16 666 ng/dL). The results of a simultaneous
venous sample are presented in table 1. In addition
to elevated 17-OHP levels, 11-desoxycortisol,
androstenedione and testosterone levels were ele-
vated. Potassium and sodium levels were within the
normal range but plasma renin was elevated, sug-
gesting salt wasting. Therefore, vital signs and elec-
trolyte levels were followed closely.
At age 7 days, the serum potassium levels increased

to 7.3 mmol/L and sodium level decreased to
132 mmol/L. Blood pressure was normal, 86/
51 mmHg. Glucose levels were in the normal range
for this age (68–108 mg/dL).

INVESTIGATIONS
Abdominal and pelvic ultrasound revealed a
normal uterus, the adrenal glands were enlarged
with a cerebriform pattern characteristic of CAH in
neonates (figure 2). The karyotype was 46XX.
Genetic evaluations of the patient and her parents

for mutations in the CYP21A2 and CYP11B1 genes,
encoding the enzymes 21-hydroxylase and 11β-hydro-
xylase, respectively, were negative. Sequencing of
HSD3B2, encoding the enzyme 3β-hydroxysteroid
dehydrogenase (3βHSD), revealed a homozygous mis-
sense mutation in exon 4 of the HSD3B2 gene. This
C>A mutation results in the substitution of proline
for threonine in codon 222 (P222T) (figure 3). This
mutation has been described as causing classic salt-
wasting CAH with in vitro undetectable enzyme
activity.5

Levy-Shraga Y, Pinhas-Hamiel O. BMJ Case Rep 2016. doi:10.1136/bcr-2015-213939 1

Findings that shed new light on the possible pathogenesis of a disease or an adverse effect

http://crossmark.crossref.org/dialog/?doi=10.1136/bcr-2015-213939&domain=pdf&date_stamp=2016-02-23
http://casereports.bmj.com


DIFFERENTIAL DIAGNOSIS
The abdominal ultrasound confirmed the diagnosis of CAH.
Although CAH screening programmes are aimed to detect
21-hydroxylase deficiency, the most common cause of CAH,
they appear to enable the detection of other rare causes of
CAH: 11β-hydroxylase and 3βHSD deficiency as well. The pos-
sible differential diagnoses are detailed below.

21-hydroxylase deficiency: The vast majority of CAH cases
are due to 21-hydroxylase deficiency.1 6 7 Steroid
21-hydroxylase converts 17-OHP to 11-deoxycortisol, and pro-
gesterone to 11-deoxycorticosterone (figure 1). As
11-deoxycortisol and 11-deoxycorticosterone are precursors to
cortisol and aldosterone, respectively, moderate-to-complete loss
of 21-hydroxylase activity results in deficiencies of both of these
vital corticosteroids, as well as high levels of 17-OHP (figure 1
(2)). Depending on the severity of the genetic defect, the accu-
mulating steroid precursors may be variably shunted to

androgen pathways not impaired by the block; this can lead to
prenatal virilization in affected girls. Our patient had elevated
levels of 17-OHP on the screening test but no signs of androgen
excess, suggesting a false-positive 17-OHP assay or a mild
defect. The lack of virilization in the presence of 21-hydroxylase
deficiency may also be explained by an additional disorder such
as androgen insensitivity. Indeed, Giwercman et al8 described
Swedish sisters who showed minimal signs of virilization due to
both 21-hydroxylase deficiency and androgen receptor gene
mutation.

In our case, a repeated screening test from spotted blood at
age 6 days confirmed a very high level of 17-OHP. A simultan-
eous venous sample also revealed elevated levels of
11-desoxycortisol, androstenedione and testosterone.

Figure 1 Schematic diagram of steroidogenesis in the placenta, adrenal and gonads, and peripheral tissues. (1) Fetal progesterone derived from
the placenta serves as a precursor to the synthesis of aldosterone and cortisol. (2) Loss of 21-hydroxylase activity results in deficiencies of cortisol
and aldosterone, as well as elevated levels of 17-hydroxyprogesterone. (3) Loss of 11β-hydroxylase deficiency results in deficiencies of cortisol and
aldosterone. (4) In 3βHSD2 deficiency, large amounts of pregnenolone, 17-hydroxypregnenolone and DHEA are secreted. These hormones are
converted in the peripheral tissues by the action of 3βHSD-I, resulting in elevated levels of 17-hydroxyprogesterone. 3βHSD-I, 3β-hydroxysteroid
dehydrogenase type1; 3βHSD-II, 3β-hydroxysteroid dehydrogenase type 2; 17OH, 17-hydroxy; DHEA, dehydroepiandrosterone.

Table 1 Laboratory data

Results of venous sample
at age 6 days

Normal range for
female newborns

17-OH-progesterone 181 nmol/L (6033 ng/dL) <7.5 nmol/L (<250 ng/dL)
11-deoxycortisol 143.2 nmol/L (5114 ng/dL) <23 nmol/L (<821 ng/dL)
Testosterone >55 nmol/L (>1571 ng/dL) 0.7–2.2 nmol/L (20–

62.8 ng/dL)
Androstenedione >34.5 nmol/L (>985 ng/dL) 0.7–10.5 nmol/L (20–

300 ng/dL)
Cortisol 292 nmol/L (10.5 mg/dL) 138–690 nmol/L (5–

25 mg/dL)
Plasma renin
activity

>50 ng/mL/h 8–17 ng/mL/h

Figure 2 Ultrasound of the adrenal gland obtained on the 10th day,
compared with a normal scan. (A) Transverse scan shows enlargement
of the adrenal gland with ‘cerebriform’ appearance, the wrinkled
surface resembles the appearance of brain gyri. (B) Normal adrenal
gland of a healthy infant at the same age. The gland is relatively large
and easy to see, the cortex is thick and hypoechoic, whereas the
medulla is relatively thin and hyperechoic.
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The cortisol level was within the normal range; however,
normal levels have been measured in the postnatal days in new-
borns with enzyme deficiencies. These findings suggested a defi-
ciency in other adrenal cortical enzymes that are more rarely
observed as a cause of CAH.

11β-hydroxylase deficiency: The next most common cause of
CAH, 11β-hydroxylase deficiency, has an incidence rate of
about 1:100 000 persons and, depending on the population,
may comprise as high as 5–10% of CAH cases.9 10

11β-Hydroxylase enzyme converts 11-deoxycortisol to cortisol
and 11-doxycorticosterone (DOC) to corticosterone (figure 1
(3)). In 11β-hydroxylase deficiency, in addition to elevated levels
of 11-deoxycortisol, DOC and androgens, the chronic elevation
of adrenocorticotropic hormone (ACTH) in response to low-
serum cortisol, results in increased synthesis and secretion of
upstream precursors, such as 17-OHP.11 Thus, it is reasonable to
expect positive results in the screening test for 17-OHP.12

Virilisation and hypertension are the prominent clinical features
of 11β-hydroxylase deficiency. Our patient had a high level of
androgen but normal female phenotype.

3βHSD deficiency: Less than 1% of all patients with CAH
have 3βHSD deficiency.5 13 The enzyme 3βHSD catalyses the
conversion of Δ5–3 β-hydroxysteroid to Δ4–3 β-ketosteroid in
the adrenal and gonads, and is essential for the formation of
progesterone, 17-OHP and androstenedione, the precursor hor-
mones for aldosterone, cortisol and testosterone, respectively
(figure 1(1)). Salt wasting may occur in both males and females.
In males, 3βHSD deficiency is characterised by incomplete viril-
isation of the external genitalia, due to impairment of androgen
biosynthesis in the testis, whereas females exhibit mild virilisa-
tion or normal external genitalia, as in our patient.

TREATMENT
A combined therapy of glucocorticoid (hydrocortisone 20 mg/
m²/day), mineralocorticoid (fludrocortisones 0.2 mg/day), and

sodium chloride supplements (1 g NaCl/day) was initiated at the
age of 7 days. Instructions to raise the hydrocortisone dose
during stress were given to the parents.

OUTCOME AND FOLLOW-UP
The girl is currently 5 years old. She is treated with hydrocorti-
sone (9 mg/m²/day) and fludrocortisone (0.1 mg/day). Her phys-
ical examination is unremarkable.

DISCUSSION
Our case demonstrates an inherent challenge of screening pro-
grammes: what to do with laboratory results when the data do
not fit the physical examination? In this current case, screening
for relatively frequent 21-hydroxylase deficiency led ultimately
to diagnosis of the extremely rare syndrome, 3βHSD deficiency.

In humans, there are two 3βHSD isoenzymes, types I and II,
which share 93.5% homology. Type II isoenzyme (HSD3B2) is
expressed in the adrenals and gonads, whereas type I (HSD3B1) is
expressed in the placenta and peripheral tissues including the liver,
mammary gland, prostate, skin, adipose tissue and brain.14 The
adrenals of a patient with 3βHSD2 deficiency secrete very large
amounts of three principal Δ5 steroids: pregnenolone,
17-hydroxypregnenolone, and dehydroepiandrosterone (DHEA).
These may serve as precursor substrates for 3βHSD1. Some of the
secreted 17-hydroxypregnenolone is converted by the extra-
adrenal action of 3βHSD1, resulting in elevated levels of 17-OHP,
confusing the diagnosis as 21-hydroxylase deficiency.15

Why were there no signs of virilization in the presence of ele-
vated levels of androgens? Activity of fetal 3βHSD2 is greatest
during urethral-fold fusion, before the 12th week of gestation.
In contrast, peripheral 3βHSD1 activity occurs after the devel-
opment of the external genitalia, during the second or third tri-
mester. Consequently, males are born with incomplete
virilisation, due to the lack of 3βHSD2 activity during this crit-
ical time. The relatively late appearance of 3βHSD1 activity

Figure 3 DNA sequencing of the patient’s HSD3B2 gene. Partial nucleotide sequence of the sense strand of axon 4 of the HSD3B2 gene, depicting
a homozygous missense mutation. A nucleotide substitution is indicated by an arrow from the WT sequence CCA (Pro) to ACA (Thr)—P222T.
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results in elevated levels of androgens but does not induce
urethral-fold fusion. Females are born with normal genitalia or
only mild clitormegaly because they are exposed to high levels
of androgens only during the last weeks of pregnancy.

Learning points

▸ A newborn screening test originally designed to identify a
21-hydroxylase deficiency enabled the discovery of
3β-hydroxysteroid dehydrogenase (3βHSD) deficiency.

▸ 3βHSD deficiency is a life-threatening condition that could
be easily missed in female newborns in the absence of
clinical signs of virilisation.
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