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Each year, there are approximately 4 million live births in
the United States.1 Unfortunately, each year there are also approx-
imately 28,000 infant deaths (Table 1).2 As shown in Table 1,
among the top 10 causes of death are chromosomal abnormali-
ties, disorders related to short gestation (including low birth
weight, and respiratory distress), maternal complications of
pregnancy, and bacterial sepsis of the newborn. Unlike other
causes of infant death, testing is available to screen for and diag-
nose these disorders. However, this testing is far from perfect;
and as a result, millions of dollars are spent each year in an at-
tempt to improve the detection and prevention of infant mor-
bidity and mortality.

This review will focus on recent research seeking laboratory
tests for 5 contributors to the leading causes of infant mortality;
chromosomal abnormalities, preterm delivery, preeclampsia, and
Group B streptococcus infection (Table 2). One of these tests is
already FDA approved and is entering the diagnostic laboratory;
others are still in the developmental phase. All provide hope that
infant morbidity and mortality may be reduced through the aid
of earlier and more accurate disease detection.  

Chromosomal Abnormalities 

Chromosomal abnormalities occur frequently and
account for one-half of first trimester spontaneous abortions
and occur in 1/160 live births.3 Chromosomal abnormalities
result from a number of different etiologies that occur either
sporadically or are inherited. The most common aneuploidy is
Down syndrome or trisomy 21, which results from nondis-
junction of chromosome 21. Currently, Down syndrome is
the only chromosomal abnormality for which women are rou-
tinely screened. Maternal serum screening, with the quadruple
test (alpha-feto protein (AFP), unconjugated estriol (uE3),
human chorionic gonadotropin (hCG), and inhibin A) results
in a detection rate of 81% for Down syndrome with a false
positive rate of 5%.4 New “fully integrated screening” which
includes first trimester nuchal translucency determined by
ultrasound along with maternal serum pregnancy associated
plasma protein-A (PAPP-A) concentrations at 11 weeks plus
second trimester quadruple testing dramatically improves the
sensitivity of screening for Down syndrome to 96% while main-
taining a 5% false-positive rate.4 Despite this improvement,
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Table 1_The 10 Leading Causes of Infant Death in the United States in 2002

Cause of Death Rank n %

All causes 28,034 100
Congenital malformations, deformations, and chromosomal abnormalities 1 5,623 20.1
Disorders related to short gestational age and low birth weight, not elsewhere classified 2 4,637 16.5
SIDS 3 2,295 8.2
Newborn affected by maternal complications of pregnancy 4 1,708 6.1
Newborn affected by complications of placenta, cord, and membranes 5 1,028 3.7
Accidents 6 946 3.4
Respiratory distress 7 943 3.4
Bacterial sepsis of the newborn 8 749 2.7
Diseases of the circulatory system 9 667 2.4
Intrauterine hypoxia and birth asphyxia 10 583 2.1
All other causes 8,855 31.4

Data from Pediatrics. 2005;115:619-634.
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higher sensitivity and lower false positive rates for Down
syndrome screening are still desirable.

Invasive Trophoblast Antigen

Invasive trophoblast antigen (ITA) is a promising new
marker that may be included in future screening panels. The
ITA is a hyperglycosylated variant form of hCG that is produced
by cytotrophoblasts during embryonic implantation and
trophoblast invasion of the uterine wall. Several studies have ex-
amined the utility of urine ITA in Down syndrome screening.5-7

In 1999, Cole and colleagues demonstrated that urine ITA con-
centrations were 9.5-fold higher in Down syndrome-affected
pregnancies.6 Subsequently, in 2004, Palomaki and colleagues
utilized fresh urine samples from 2,055 women (2,023
unaffected, 28 Down syndrome, and 4 pregnancies with other
chromosomal abnormalities) and demonstrated that at a detec-
tion rate of 75% the false positive rate of the triple test could be
reduced from 5.6% to 2.6% and the quadruple test could be
reduced from 3.3% to 2.0%.7 The same group published a ret-
rospective study later in 2004 with 45 Down syndrome cases
and 238 control pregnancies. The study demonstrated that ITA
is highly correlated with both hCG and free β-hCG. In this re-
port, the addition of ITA to the quadruple screen improved the
sensitivity from 77% to 80% with a 5% false positive rate.8 To-
gether, these studies indicate that ITA is an effective marker for
Down syndrome. However, questions that need to be addressed
include whether ITA could improve the sensitivity or false posi-
tive rate of the “fully integrated screening” and whether random
urine is the best sample type to use. Larger studies are required
to determine exactly if and how ITA could fit into routine pre-
natal screening programs.

Chromosomal Microarrays (CMA)

Maternal serum screening is limited in that it primarily
screens for trisomy 21 (Down syndrome) although it can also
detect trisomy 18. A screening method that can detect multiple
chromosomal disorders simultaneously would be very useful.
Recently, chromosomal microarrays have been developed for the
diagnosis of chromosomal disorders. Comparative genomic hy-
bridization (CGH) is a powerful new molecular cytogenetic
technique that allows genome-wide analysis of DNA copy num-
ber. By hybridizing patient DNA and normal reference DNA to
arrays of genomic clones, differential hybridization signals allow
the detection of unbalanced gains or losses of chromosomal ma-
terial across the whole genome. This type of methodology was
originally applied to identifying chromosomal rearrangements

and imbalances in cancer.9 An advantage of CMA versus current
methods such as FISH analysis is that cultured cells are not re-
quired and that the resolution is improved (40 kb with CGH
compared to 40-250 kb with FISH and 4 Mb with G-
banding).9,10 In addition, whole genome analysis can be
performed in one test. Specimen for these tests can include am-
niotic fluid collected at >16 weeks gestation, CVS, fetal blood,
or whole blood from both parents.  

In a study of 25 patients with known chromosomal anomalies
(specimens included 22 peripheral blood, 2 amniotic fluid, 1 skin
fibroblast culture), Cheung and colleagues reported that CGH re-
sults were consistent with FISH analysis.11 For clone by clone
analysis, the authors reported a 96.7% sensitivity and 99.1% speci-
ficity.11 In a similar study, Schaeffer tested 41 products of concep-
tion samples obtained from spontaneously aborted fetuses that
were previously analyzed by G-banding. Comparative genomic
hybridization detected 100% of the abnormalities reported by G-
banding and revealed new abnormalities in 4/41 (9.8%) cases.12

Several laboratories are currently offering CMA; however,
there are limitations with this technology. This method does not
include uniform coverage across the arms of each chromosome
and is not intended as a substitute for a standard karyotype. It
cannot detect both balanced chromosomal changes and low lev-
els of mosaicism.11 Furthermore, the presence of a single
nucleotide polymorphism (SNP) may also complicate hybridiza-
tion. To date, a commercially validated platform is not available
nor has the FDA approved this test.  

Pre-Term Delivery

In 2004, more than a half million infants (12.5%) were born
premature (<37 weeks gestation). Premature delivery, especially
prior to 32 weeks, can lead to low birth weight, intravascular hem-
orrhage, necrotizing enterocolitis, respiratory distress syndrome,
neurological complications, and sepsis. This is a major public
health care problem as disorders related to short gestational age are
the second most common cause of infant death, and respiratory
distress is the seventh most common (Table 1). 

Currently, 2 biochemical tests have been approved by the
FDA to predict preterm delivery; cervicovaginal fetal fibronectin
(fFN) (Adeza Biomedical, Sunnyvale, CA) and salivary estriol
(SalEst Biex, Dublin, CA). Both tests have low sensitivity and
low positive predictive values, but higher specificity and negative
predictive values. The SalEst is quite expensive, costing >$250 at
some reference laboratories. Currently, the American College of
Obstetrics and Gynecology (ACOG) does not recommend the
use of salivary estriol for screening women with preterm labor.13

Cervical fFN is in clinical use, primarily for its high negative

Table 2_Summary of Potential New Tests for Major Contributors to the Leading Causes of Infant Mortality

Disease State New Test Specimen Advantage Over Current Testing FDA Approved?

Down Syndrome ITA* Urine May improve sensitivity/false positive No
Chromosomal Abnormalities CMA† Amniotic fluid, CVS, fetal blood, or Can detect multiple chromosomal abnormalities No

whole blood from both parents in a single test
Pre-term Delivery IL-6‡ Cervicovaginal fluid Less expensive No
Preeclampsia sFlt1, PlGF§ Serum Ability to predict disease before symptoms No
Group B Streptococcus Rapid PCR Vaginal/Rectal swabs Rapid turnaround time Yes

*Invasive trophoblast antigen
†Chromosomal microarray
‡Interleukin-6
§Soluble fms-like tyrosine 1 and placental growth factor

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/37/6/371/2504495 by guest on 24 M
ay 2023



CE Update

labmedicine.com June 2006 � Volume 37 Number 6 � LABMEDICINE 373

predictive value. However, it is also an expensive test costing
more than $100 per test. For these reasons, new biochemical
markers of preterm delivery continue to be sought. 

IL-6

A number of studies suggest that cervicovaginal IL-6 is a
biochemical marker that may provide a less expensive alterna-
tive to fFN testing. IL-6 is an inflammatory cytokine that is
secreted during immune response processes. Lockwood and
colleagues reported that cervical IL-6 was an independent pre-
dictor of preterm delivery (n=161) with a positive predictive
value of 47.2% and a negative predictive value of 86.4%.14

Furthermore, the authors found that cervical IL-6 did not
correlate with gestational age and was not associated with
vaginal pathogens or infection. Further, LaShay and colleagues
found that IL-6 concentrations >100 pg/mL in cervicovaginal
secretions in pregnant women with symptoms of preterm
labor correlated with increased odds of delivery at <37
weeks.15 In a smaller study (n=31), Lange and colleagues
found that cervical IL-6 was significantly elevated in women
in preterm labor using a cut off 20 pg/mL.16 They showed
that the sensitivity and negative predictive values were 100%
while the positive predictive value was 47%. When they ex-
amined the ability of IL-6 to predict preterm delivery the sen-
sitivities were 100% for delivery in both 2 and 7 days while
the specificities were 57% and 64%, respectively.16

Our group has recently performed a study examining several
cervicovaginal cytokines.17 We determined that of IL-6, TNF-α,
and the IL-2 receptor, IL-6 was the only cytokine that was signifi-
cantly associated with preterm delivery (n=165) and like previous
studies, there was no statistically significant correlation between
gestational age and the concentrations of IL-6. When an IL-6 cut
off of 250 ng/L was used, the clinical sensitivity, specificity, and
positive and negative predictive values were virtually identical to
those of fFN, with a positive predictive value of 14% and NPV of
96%. This study provided preliminary evidence that cervicovagi-
nal IL-6, which costs ~$10 per test compared to ~$100 for a fFN
test (cost does not include labor), can be used as a less expensive
marker of delivery within 14 days in women with symptoms of
preterm labor. However, this study was limited by its small size
with only 9 patients delivering within 14 days of testing. Obvi-
ously, larger studies are required, and are currently underway.

Preeclampsia

Approximately 5% to 7% of pregnancies are complicated
by preeclampsia each year in the United States.18 Preeclampsia is
a subset of clinical hypertension, and is a leading cause of preg-
nancy-related deaths for women. The diagnostic criteria for
preeclampsia include an elevated blood pressure of 140/90
mmHg and proteinuria >300 mg protein/24 hours.19 These
symptoms usually occur after 20 weeks gestation.20 The ultimate
treatment for preeclampsia is delivery, thus fetal and maternal
risks must be considered in determining the timing of the deliv-
ery. To date, a screening test that can predict the onset of
preeclampsia before clinical symptoms appear is not available. 

Recently, exciting new research has suggested that circulating
angiogenic factors such as soluble fms-like tyrosine 1 (sFLT-1)
and placental growth factor (PlGF) are potential markers for the
early prediction of preeclampsia.21-26 These proteins play a role in
angiogenesis and are hypothesized to be required for normal em-
bryonic vascularization.

Hertig and colleagues analyzed 93 serum samples from 23
patients at various times during pregnancy. Eight women had
preeclampsia, 6 had isolated hypertension, and 9 had normal
pregnancies.27 The researchers demonstrated that sFlt1 concen-
trations gradually increase during pregnancy in both affected and
unaffected individuals. No significant differences were observed
between the 3 groups until after 20 weeks of gestation. By 25
weeks of gestation, serum sFlt1 concentrations were significantly
higher in women with preeclampsia than in women with either
normal pregnancies or isolated hypertension. They reported that
sFlt1 concentrations were increased at least 6.5 weeks before the
onset of symptoms in preeclamptic patients. Concentrations of
sFlt1 >957 ng/L, between 25 and 28 weeks of gestation, yielded
a sensitivity of 80% and specificity of 100% for diagnosing sub-
sequent preeclampsia.

Levine and colleagues have conducted the largest study to
date with 655 serum samples from 120 pairs of women.23

Each subject with preeclampsia was matched to a normoten-
sive control. This study demonstrated that during the last 2
months of pregnancy, serum concentrations of sFlt1 increased,
and PlGF decreased in normotensive control subjects.
Preeclamptic patients demonstrated these changes earlier and
more pronounced than controls. Similar to Hertig’s study,
Levine’s group noted that sFlt1 concentrations increased on
average 5 weeks before the onset of preeclampsia. These re-
searchers did not assess sensitivity and specificity of sFlt1 or
PlGF for predicting preeclampsia, but they did calculate odds
ratios. They reported that a sFlt1 concentration in the highest
quartile from 21 to 32 weeks of gestation predicted
preeclampsia with an odds ratio of 5.1 (95% CI, 2 to 13), and
from weeks 33 to 41 predicted preeclampsia with an odds
ratio of 6.0 (95% CI 2.9 to 12.5). The authors concluded
that increased concentrations of sFlt1 and decreased concen-
trations of PlGF could predict subsequent development of
preeclampsia. Further studies are needed to establish
gestational-age specific cutoffs, but these markers offer
renewed hope for preeclampsia screening.

Group B Streptococcus

Streptococcus agalactiae, (group B streptococcus; GBS), colo-
nizes in the vagina and rectum in 25% to 30% of pregnant
women.28-30 A GBS infection can cause septic abortion, prema-
ture rupture of amniotic membranes, chorioamnionitis, postpar-
tum endometritis, neonatal pneumonia, meningitis, and sepsis.
Instituting guidelines for the prevention of GBS disease in preg-
nant patients has resulted in a steady decline of early-onset
neonatal disease. Prior to the use of such prevention strategies,
the incidence of early-onset neonatal disease was 2 to 3 per
1,000 live births.31 By 1999, when guidelines had been readily
accepted, the incidence had decreased by 70% to 0.5 cases per
1,000 live births.32,33

The most recent (2002) recommendation from the CDC is
to screen all pregnant patients between 35 and 37 weeks gesta-
tion for vaginal and rectal colonization.34 However, culture re-
sults are not always available if patients go into labor prior to
screening, or do not have routine prenatal care, and/or if prena-
tal records are not available at the time of delivery. For these pa-
tients, antibiotic therapy is initiated until screen results are
known. If the patient is GBS positive, antibiotics are continued
for >48 hours or until labor is arrested and is resumed again at
the time of delivery. The current gold standard is a culture from
the vagina and the rectum using a cotton- or Dacron-tipped
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swab. Results are typically available within 18 to 24 hours. A
rapid method for GBS detection has long been sought for cases
where GBS status is not known.

Rapid PCR for GBS

In 2000, Bergeron and colleagues reported that GBS colo-
nization of the vagina/rectum can be ascertained within 30 to 60
minutes using a real-time PCR assay.34 These investigators
screened 172 women in labor, and compared 2 PCR tests to the
standard culture system. Of all women screened, 33 (29.5%) of
specimens for GBS detection were found to be positive by cul-
ture. The sensitivity of the rapid PCR test compared to the stan-
dard culture technique was 97% and the negative predictive
value was 98%.34 Once the specimen is processed, this rapid
PCR test requires approximately 30 to 45 minutes to complete. 

In November 2002, the FDA approved rapid PCR GBS
detection using the IDI-Strep B Assay (GeneOhm Sciences, San
Diego, CA) and SmartCycler Real-Time PCR technology. The
IDI-Strep B assay can be completed within 1.5 to 2 hours of
receiving the specimen in the laboratory. This real-time rapid
PCR provides the practitioner with the opportunity to detect
GBS in the genital tract of laboring women prior to their deliv-
ery. Mothers and newborns that test negative can be spared the
potential risk of receiving antibiotics. 

However, there are drawbacks to this rapid method. First,
for maximum effectiveness, this test must be offered 24 hours a
day, 7 days a week which will require qualified testing personnel
to be always available. Second, because samples are performed
upon receipt into the laboratory and are not batched, several
control samples must be performed with every test which effec-
tively raises the cost of each reportable test result. Certainly with
time these problems will be overcome, but until then, the use of
this test has been limited.

Summary

This review presents data on 5 new laboratory tests that
have the potential to reduce infant morbidity and mortality. It is
impossible to tell which of these tests, if any, will become stan-
dard of practice. In the meantime, researchers continue to seek
new and improved testing methods. LM
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