
particles, such as red blood cell fragments. Thus, the LBC
count on the ADVIA 120 was derived as the sum of all
platelet-sized particles measured in the PLT channel (cal-
culated LBC). In contrast, the CBC channels on the Sys-
mex XE-2100 and the Coulter Gen-S use impedance
technology. The Coulter method (conventional imped-
ance) counts particles by detecting changes in electrical
resistance when a particle in a conductive liquid goes
through a small aperture (17 ). The size of the electrical
pulse generated is proportional to the particle volume.
Platelets are identified based on their volume (2–20 fL).
The Sysmex technology is different from the Coulter
method in that it simultaneously detects conventional
(direct current) and radiofrequency impedance (18 ). The
latter is thought to reflect intracellular changes. The
Cell-dyn 3500 combines optical scatter and impedance to
increase the accuracy of particle counting (19 ).

The hematology analyzers evaluated in this study pro-
duced accurate and precise platelet counts in reference
populations (20 ) and thrombocytopenic patients (21 ) de-
spite measuring different physical properties. However,
our data indicate that the concordance among instru-
ments for enumerating lamellar bodies is poor. For exam-
ple, eight ADVIA 120 and five Sysmex XE-2100 LBCs
indicated intermediate FLM when the Coulter Gen-S LBC
indicated maturity (	50 000/�L), and seven Cell-dyn
3500 LBCs indicated mature fetal lungs when the Coulter
Gen-S LBC indicated intermediate FLM (15 000–50 000/
�L). Clearly, applying the Coulter LBC cutoff values for
FLM to other brands of hematology analyzers could
change the positive or negative predictive value of the
measurement (depending on instrumental bias), either of
which may have adverse clinical consequences.

In summary, it is clear that different hematology ana-
lyzers count lamellar bodies differently. It will be neces-
sary to establish analyzer-specific LBC clinical decision
limits that are confirmed by outcome-based studies.

We thank Dr. Curt Parvin (Department of Pathology &
Immunology, Washington University School of Medicine,
St. Louis, MO) for help in statistical analysis and Bayer
Corporation, Diagnostics Division (Tarrytown, NY), for
providing an ADVIA 120 hematology analyzer for clinical
research and for technical assistance.

References
1. Weaver T, Na C, Stahlman M. Biogenesis of lamellar bodies: lysosome-

related organelles involved in storage and secretion of pulmonary surfac-
tant. Semin Cell Dev Biol 2002;13:263–9.

2. Dubin SB. Characterization of amniotic fluid lamellar bodies by resistive-
pulse counting: relationship to measures of fetal lung maturity. Clin Chem
1989;35:612–6.

3. Neerhof MG, Dohnal JC, Ashwood ER, Lee I-S, Anceschi MM. Lamellar body
counts: a consensus on protocol. Obstet Gynecol 2001;97:318–20.

4. Bowie LJ, Shammo J, Dohnal JC, Farrell E, Vye MV. Lamellar body number
density and the prediction of respiratory distress. Am J Clin Pathol 1991;
95:781–6.

5. Pearlman ES, Baiocchi JM, Lease JA, Gilbert J, Cooper JH. Utility of a rapid
lamellar body count in the assessment of fetal maturity. Am J Clin Pathol
1991;95:778–80.

6. Ashwood ER, Palmer SE, Taylor JS, Pingree SS. Lamellar body counts for
rapid fetal lung maturity testing. Obstet Gynecol 1993;81:619–24.

7. Fakhoury G, Daikoku NH, Benser J, Dubin NH. Lamellar body concentrations
and the prediction of fetal pulmonary maturity. Am J Obstet Gynecol
1994;170:72–6.

8. Greenspoon JS, Rosen DJD, Roll K, Dubin SB. Evaluation of lamellar body
number density as the initial assessment in a fetal lung maturity test
cascade. J Reprod Med 1995;40:260–6.

9. Dalence CR, Bowie LJ, Dohnal JC, Farrell EE, Neerhof MG. Amniotic fluid
lamellar body count: a rapid and reliable fetal lung maturity test. Obstet
Gynecol 1995;86:235–9.

10. Lee I-S, Cho Y-K, Kim A, Min W-K, Kim K-S, Mok J-E. Lamellar body count in
amniotic fluid as a rapid screening test for fetal lung maturity. J Perinatol
1996;16:176–80.

11. Dilena BA, Ku F, Doyle I, Whiting MJ. Six alternative methods to the
lecithin/sphingomyelin ratio in amniotic fluid for assessing fetal lung
maturity. Ann Clin Biochem 1997;34:106–8.

12. DeRoche ME, Ingardia CJ, Guerette PJ, Wu AH, LaSala CA, Mandavilli SR.
The use of lamellar body counts to predict fetal lung maturity in pregnancies
complicated by diabetes mellitus. Am J Obstet Gynecol 2002;187:908–12.

13. Ross GE, Bever FN, Uddin Z, Hockman EM, Herman BA. Decreased
laboratory testing for lecithin-to-sphingomyelin ratio and phosphatidylglyc-
erol after fetal lung maturity assessment from lamellar body count in
amniotic fluid. J Am Osteopath Assoc 2002;102:423–8.

14. Lewis PS, Lauria MR, Dzieczkowski J, Utter GO, Dombrowski MP. Amniotic
fluid lamellar body count: cost-effective screening for fetal lung maturity.
Obstet Gynecol 1999;93:387–91.

15. Ashwood ER, Oldroyd RG, Palmer SE. Measuring the number of lamellar
body particles in amniotic fluid. Obstet Gynecol 1990;75:289–92.

16. Kunicka JE, Fischer G, Murphy J, Zelmanovic D. Improved platelet counting
using two-dimensional laser light scatter. Am J Clin Pathol 2000;114:
283–9.

17. Dalton WT, Bollinger P, Drewinkle B. A side-by-side evaluation of four
platelet-counting instruments. Am J Clin Pathol 1980;74:119–34.

18. Inoue H. Overview of automated hematology analyzer XE-2100. Sysmex J Int
1999;9:58–65.

19. Koenn ME, Kirby BA, Cook LL, Hare JL, Hall SH, Hissam CL, et al.
Comparison of four automated hematology counters. Clin Lab Sci 2001;14:
238–42.

20. Van den Bossche J, Devreese K, Malfait R, Van de Vyvere M, Wauters A,
Neels H, et al. Reference intervals for a complete blood count determined on
different automated haematology analyzers: Abx Pentra 120 Retic, Coulter
Gen-S, Sysmex SE 9500, Abbott Cell Dyn 4000, and Bayer ADVIA 120. Clin
Chem Lab Med 2002;40:69–73.

21. Sandhaus LM, Osei ES, Agrawal MM, Dillman CA, Meyerson HJ. Platelet
counting by the Coutler LH 750, Sysmex XE 2100, and ADVIA 120. Am J Clin
Pathol 2002;118:235–41.

S100B Protein Concentrations in Amniotic Fluid Are
Higher in Monoamniotic than in Diamniotic Twins and
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S100B is an acidic calcium-binding protein of the EF-hand
family present in the central nervous system, where it is
located mainly in glial cells (1 ). It has been suggested that
the protein is involved in various cellular functions, but
precisely which is still a matter of debate. The protein has
been found to act at physiologic concentrations as a
cytokine with a neurotrophic role in experimental models,
in cell cultures, and in biological fluids such as cord
blood, peripheral blood, and urine (1–4). This hypothesis
has been corroborated by measurements of S100B protein
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in amniotic fluid in the second trimester of pregnancy (5 ).
The present work, following from an earlier study, inves-
tigates amniotic fluid S100B concentrations in twins.

We performed a case-control study (between January
1998 and June 2002) of 49 women with physiologic twin
pregnancies (27 monoamniotic and 22 diamniotic) who
underwent amniocentesis to exclude chromosomal abnor-
malities between the 15th and 18th weeks of gestation
(mean, 16.5 weeks). The control group consisted of 490
singleton pregnancies matched for gestational age and
weight at sampling and normal neonatal outcome (5
control fetuses for each twin fetus). Appropriate fetal
growth was defined by the presence of ultrasonographic
signs (when biparietal diameter and abdominal circum-
ference were between the 10th and 90th percentiles)
according to the normograms of Campbell and Thoms (6 )
and by postnatal confirmation of a birth weight between
the 10th and 90th percentiles according to our population
standards after correction for maternal height, weight,
and parity and the sex of the newborns. Exclusion criteria
included intrauterine growth retardation; gestational hy-
pertension; diabetes and infections; fetal malformations;
chromosomal abnormalities; maternal exposure to alco-
hol, cocaine, or smoke; perinatal asphyxia; and dystocia.

The local ethics committee approved the study proto-
col, and the parents of the fetuses examined gave signed
and informed consent.

At the indicated times (15th–18th weeks of gestation),
we collected 500 �L of amniotic fluid from the amniotic
cavity and immediately centrifuged it at 900g for 10 min;
the supernatants were then stored at �70 °C until mea-
surement. The S100B protein concentration was measured
in all samples with use of a commercially available
immunoluminometric assay (Lia-mat Sangtec 100; AB
Sangtec Medical, Bromma, Sweden). According to the
manufacturer’s instructions, this assay distinguishes be-
tween the A1 and B subunits of the S100 protein and
measures the �-subunit as detected by the three monoclo-
nal antibodies SMST 12, SMSK 25, and SMSK 28. The
�-subunit of the S100 protein is known to be predominant
(80–96%) in the human brain (7, 8). Each measurement
was performed in duplicate according to the manufactur-
er’s recommendations, and the averages were reported.
As indicated by the manufacturer, the limit of detection of
the assay (B0 � 3 SD) was 0.02 �g/L, and the within- and
between-assay imprecision (CV) was 
5.5% and 
10%,
respectively, for concentrations of 0.28–4.17 �g/L.

Data are expressed as mean (SD). The amniotic fluid
S100B concentrations and neonatal characteristics were
analyzed by Kruskal–Wallis one-way ANOVA and Mann–
Whitney two-sided U-test when the data did not follow a
gaussian distribution. Comparisons between proportions
were performed with use of the Fisher exact test. The
correlation between the concentrations of S100B in amni-
otic fluid and weeks of gestation was analyzed by linear
regression analysis. A P value �0.05 was considered
significant.

At birth all of the newborns showed normal clinical
conditions, and no overt neurologic injuries were ob-

served on discharge from the hospital. As expected, mean
(SD) gestational age [35 (2) vs 38 (1) weeks] and weight at
birth [2127 (231) vs 2936 (342) g] differed (P �0.05 for
both) between twins (both monoamniotic and diamniotic)
and control groups. There were no differences in Apgar
scores at 1 and 5 min, and the incidences of caesarian
section, respiratory distress syndrome, and neurologic
abnormalities were superimposable in the two groups
studied (P �0.05 for all). There were no significant differ-
ences in the groups of twins regarding mode of delivery,
gestational age and weight at birth, or Apgar scores
evaluated at the 1st and 5th min when the data were
corrected for monoamniotic (group A) and diamniotic
(group B) twins.

At sampling, all fetuses monitored appeared to meet
ultrasound scanning parameters for appropriate growth.
We observed no differences between controls and twins
for gestational age [controls, 16.3 (1) weeks; twins, 16.4 (1)
weeks; P �0.05], fetal weight [controls, 179 (22) g; twins,
184 (28) g; P �0.05], head circumference [controls, 131 (12)
mm; twins, 133 (9) mm; P �0.05], biparietal diameter
[controls, 114 (10) mm; twins, 116 (8) mm; P �0.05], or
transverse cerebellum diameter [controls, 15.4 (0.7) mm;
twins, 15.6 (0.9) mm; P �0.05]. Similarly, we found no
significant differences in these parameters between group
A and group B twins (P �0.05 for all).

S100B concentrations in amniotic fluid were higher in
the twins [0.62 (0.46) �g/L] than in the controls [0.53
(0.22) �g/L; P �0.001]. Similarly, S100B concentrations in
amniotic fluid were significantly higher in group A twins
[1.06 (0.21) �g/L] than in group B [0.51 (0.25) �g/L] or the
controls [0.53 (0.22) �g/L; P �0.001 for all; Fig. 1A]. We
found no statistical difference between group B twins and
controls (P �0.05).

We found significant correlations between S100B in
amniotic fluid and gestational age in both monoamniotic/
diamniotic twins (r � 0.56 and 0.52, respectively; Fig. 1B)
and controls (r � 0.23; P �0.001 for all)

Our results for the correlation between gestational age
at sampling and S100B protein concentrations fit previous
observations, offering additional support for normality
reference curves in uncomplicated singleton and multiple
pregnancies. The results for S100B concentrations in the
amniotic fluid of controls also offer support for previously
reported S100B values in the amniotic fluid of pregnant
women with uncomplicated pregnancies and for the
correlation between the protein concentrations and gesta-
tional age at sampling (5 ).

Our findings showing a higher (approximately double)
concentration of S100B in amniotic fluid in physiologic
monoamniotic pregnancies than in diamniotic twin or
singleton pregnancies appear interesting. The data are
consistent with a neurotrophic role for the protein (1–5)
and support the hypothesis that each fetus releases a
physiologically defined amount of the protein, in accor-
dance with the role of S100B as a cytokine (1, 2), that
appears to be more concentrated in relation to the volume
of the amniotic sac, which is not usually twice as volumi-
nous in twins as in singleton pregnancies. The source of
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much of the S100B present in the amniotic fluid could be
the fetal nervous system, where the protein has been
shown to be present at the ages investigated, albeit not at
mature concentrations (9–12). In this respect, we cannot
exclude the possibility that at least a part of the S100B
present in monoamniotic twins is a consequence of com-
pression of the fetuses in the sac.

Nonetheless, because different placental tissues contain
S100B at concentrations that vary in relation to gestational
age (13, 14), the possibility that the protein derives partly
from the placenta must be taken into account. However,
the higher concentrations of S100B in monoamniotic fe-
tuses than in diamniotic and control fetuses seem to
suggest a fetal rather than a placental origin for the
protein in amniotic fluid, although the possibility that
placental tissues produce a higher amount of neurotro-
phic S100B in cases of multiple pregnancies cannot be
ruled out.

The possibility that S100B may be released, at least in
part, from other sites in which it is concentrated, such as
adipose tissue (15 ), could also be considered, although
data on the presence of the protein in adipocytes at this
stage of maturation are not available.

In conclusion, the present study offers a clue for the
investigation of S100B dynamics in vivo, with special
reference to a possible role of the protein as a cytokine
involved in fetal brain maturation in both singleton and
multiple pregnancies.
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Fig. 1. S100B protein concentrations in amniotic fluid (�g/L) in
controls and in monoamniotic and diamniotic twins (A), and correlation
with gestational age (B).
(A), boxes indicate the interquartile ranges, with the horizontal line indicating the
median. The lower and upper horizontal bars represent the 10th and 90th
percentiles, and E indicate the 5th and the 95th percentiles. S100B values were
significantly higher in monoamniotic twins than in diamniotic twins or controls (P
�0.001 for both). (B), correlations are for the 14th–19th week of sampling in
healthy monoamniotic (F) and diamniotic twin (E) fetuses. Values are expressed
as median (solid line) and interquartile range (dashed lines) in the monoamniotic
twins group. The lower and upper dashed lines represent the 3rd and 97th
percentiles, respectively. The dotted lines represent the 25th and 75th percen-
tiles. There was a positive significant correlation (r � 0.56; P �0.001).
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