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testing (ferning, nitrazine), is a quick and easy-to-use
test that can be performed by a wider variety of care
providers, and can improve triage and management of
patients suspected of ROM. (J Reprod Med 2013;58:
187–194)
Keywords: antibodies, immunoassay, premature
rupture of fetal membranes, PROM (pregnancy),
rupture of membranes.
Premature rupture of membranes (PROM) is defined as spontaneous rupture of the fetal membranes prior to the onset of labor.1 PROM is one of
the most common diagnostic dilemmas in contemporary obstetrical practice, affecting 5–10% of all
pregnancies. Preterm PROM (PPROM), defined as
PROM prior to 37 weeks’ gestation, is responsible
for 20–40% of preterm births.2 Early and accurate
diagnosis of PROM would allow for specific interventions necessary to optimize perinatal outcome
and minimize serious complications, including
preterm delivery and infections such as chorioamnionitis and neonatal sepsis.3,4 Conversely, a
false-positive diagnosis of PROM may lead to
overtreatment with obstetric interventions including hospitalization, administration of medications
(antibiotics and corticosteroids), and even iatrogenic premature delivery in some cases. Hence accurate and timely diagnosis of PROM is of critical
importance to clinicians.5,6
The conventional clinical evaluation for the diagnosis of rupture of membranes (ROM), the sterile
speculum examination, is frequently inaccurate.7,8
This is often due to high false-positive rates in
nitrazine testing as a result of urine, blood, semen,
antiseptic agents, and infections such as cervicitis
and vaginitis. The specificity of nitrazine paper has
been reported as low as 16–70%.9 Ferning (crystallization of amniotic fluid seen on microscopic examination of dried amniotic fluid) has a reported
sensitivity and specificity of 51% and 70%, respectively, in women not in labor and 98% and 88%, respectively, in laboring women.7,9
Although many consider amniocentesis instillation of indigo carmine and vaginal tampon test to
be the gold standard test, with a reported sensitivity and specificity of 100%, most feel the risk of this
invasive procedure is not justified (trauma, bleeding, infection, preterm labor).7 In addition, a negative test may result if the membranes reseal after an
initial leak, which has been reported in the literature to occur as high as 2–13% of the time.9 In recent
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years researchers have set out to find an alternate,
more objective and accurate way to detect ROM.
These tests have been based primarily on the identification of biochemical markers present in the
setting of ruptured membranes and absent in
women with intact membranes. Multiple markers
have been identified in the amniotic fluid, including α-fetoprotein (AFP), insulinlike growth factor
binding protein–1 (IGFBP-1), prolactin, placental
α-microglobulin-1 (PAMG-1), and fetal fibronectin,
etc.7,9 To date, such immunoassay tests have been
designed on the basis of monoclonal detection of
proteins PAMG-1 (AmniSure, Cambridge, Massachusetts) and IGFBP-1 (Medix Biochemica, Kauniainen, Finland).10,11
A new bedside immunoassay test (ROM Plus,
Clinical Innovations, LLC, Murray, Utah) combines
both monoclonal and polyclonal antibodies to detect 2 proteins found in amniotic fluid: placental
protein 12 (PP12) and AFP. PP12, shown to be present in the amniotic fluid throughout pregnancy,
was first purified from placenta and fetal membranes in 198012 and was therefore called placental
protein 12. Eventually PP12, IGFBP-1 and PAMG-1
were all fully sequenced and reported to be essentially the same molecule.13-16
AFP is synthesized by the fetal liver and yolk sac.
During pregnancy the maternal serum and amniotic fluid AFP level increase with advancing gestational age and decrease during the third trimester.17
AFP has been shown to be a good marker for detecting premature rupture of the amniotic membranes in vaginal secretions, especially during the
second trimester.18-25
The unique monoclonal/polyclonal antibody approach makes this test very sensitive. This occurs
because the polyclonal antibodies combine with
multiple (8–12) amino acid epitopes contained in
the 259 full-length PP12 protein chain, while the
monoclonal tests combine with a single epitope site.
Currently, there is no study showing the performance of a combination monoclonal/polyclonal
immunoassay test used to detect 2 proteins for ruptured membranes. The current study compares the
accuracy of this new rapid, bedside immunoassay
test with that of conventional clinical assessment for
the diagnosis of ROM.
Materials and Methods
A multicenter, prospective, observational cohort
study was performed involving healthy pregnant
patients aged ≥ 18 years, between 15–42 weeks of

Volume 58, Number 5-6/May-June 2013

gestation, and presenting with signs or symptoms
of ROM from July 2010–May 2011. Patients with
known placenta previa and/or active vaginal
bleeding were excluded from the study. The study
was approved by each of 3 hospitals’ Institutional
Review Boards, and written consent was obtained
from all participants for the collection and subsequent analysis of specimens and clinical data including the chart review.
All patients were evaluated for ROM beginning
with a detailed history, a physical examination, and
swab collection for the immunoassay test. The swab
contained in the kit was used to collect cervicovaginal fluid without the use of a speculum prior to the
conventional evaluation. The patient also underwent a sterile speculum examination without use of
lubricant for the purpose of looking for conventional signs of ROM.
An initial diagnosis of ROM was made from the
standard conventional evaluation from the sterile
speculum examination of all patients using the
following criteria: (1) if 2 of the following 3 clinical
signs were present: pooling of fluid in the posterior
fornix, microscopic evidence of ferning, and a positive nitrazine test, or (2) if amniotic fluid was seen
leaking from the cervical os on speculum examination.1
The monoclonal/polyclonal immunoassay test
was performed according to the manufacturer’s instructions by a clinician (nurse, midwife, or obstetrician) other than the one who performed the sterile speculum examination. Figure 1 is a photograph
of the test kit device. A swab supplied by the manufacturer was placed approximately 2–3 inches into
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the vagina for 15 seconds and cervicovaginal secretions were collected. Following collection the vaginal swab was then placed into a plastic vial and
mixed in a buffer solution for 15 seconds and then
applied directly to the test cassette (immunochromatographic lateral flow device). The test was interpreted after a minimum of 5 and a maximum of
20 minutes (using a timer integrated into the cassette) as positive for 2 lines (amniotic fluid [AF] and
control line [C]), negative for 1 line (C line only),
and invalid if no lines were visible. Any line visible
to the naked eye was interpreted as a positive line.
The threshold of detection for the new immunoassay test is 5 ng/mL for PP12 and 150 ng/mL for
AFP. The provider who performed the sterile
speculum examination was blinded to the results
of the immunoassay test, and all patients were
managed by ACOG-recommended gestational age–
specific algorithms of treatment1 without regard to
the immunoassay test result. A questionnaire regarding the test results, the ease of use, and design
of the product was completed for each patient by
the clinician who interpreted the test. An initial decision as to the membrane status was made, and
then after delivery a chart review of the entire clinical course of all patients––by a physician blinded to
the results of the immunoassay test––was used for
confirmation and final determination of membrane
status. The longitudinal assessment of the patient’s
pregnancy (including initial examination, followup examinations, and subsequent clinical course) as
determined by review of the medical records after
delivery was used as the final clinical diagnosis to
determine whether or not the patient had ROM at

Figure 1 Photograph of the
new Immunoassay Test Kit
showing the sample window,
lateral ﬂow window with
labels C (control line), AF
(amniotic ﬂuid line), and timer
with activation button.
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the initial visit. This methodology has been previously reported in the literature.5-7,26 The chart review was performed by a provider blinded to the
results of the immunoassay test. The criteria used
to determine membrane status included (1) results
of the sterile speculum examination, (2) time from
initial examination to delivery, (3) ultrasound assessment of amniotic fluid, (4) presence or absence
of chorioamnionitis, (5) whether artificial ROM
(AROM) was performed in labor, (6) delivery route,
and (7) whether spontaneous ROM was to have occurred during labor.
Statistical Methods
Diagnostic accuracy was measured using the test
characteristics: sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV). These were reported with two-sided 95%
confidence intervals (CIs). Sample size was determined using the precision method, where a sample
size is selected to achieve a desired precision, or
width, of the 95% CI. Having assumed both sensitivity and specificity to be 97%, a sample size of
90 would provide a 95% CI with a lower bound of
90%. To allow for approximately one-third of patients to be negative for ROM and two-thirds positive, a sample size of about n = 270 patients would
be needed to have a 95% CI lower bound above 90%
for specificity in the patients negative for ROM.
Results
A total of 288 patients were enrolled in the study; 3
patients were not included in the final data analysis:
1 patient was < 18 years old, and 2 patients were lost
to follow-up. Of those included in the analysis, 69%
(198) were at term (≥ 37 weeks’ gestational age), and
31% were preterm. The range was 15–42 weeks. A
total of 162 (57%) were initially diagnosed with ruptured membranes using the conventional clinical
evaluation and 196 (69%) using the new immunoassay test (Figure 2). Subsequent review of the medical records after delivery confirmed that 188 (66%)
had ruptured membranes, whereas 97 (34%) had
intact membranes. It should be noted that relying
solely on leaking from the cervical os during sterile
speculum examination for the diagnosis of ROM
would have led to ~60% misdiagnosis.
There were 36 (13%) discrepant results between
the conventional clinical evaluation and the immunoassay test. Using the final clinical diagnosis
(conventional clinical evaluation plus chart review), 9 of the discrepancies were determined to be
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false-positive immunoassay results, for a total false
positive rate of 9% (FP/TN + FP = 9/97). One discrepancy was determined to be a false negative, for
a rate of 0.5% (FN/TP + FN = 1/188).
Using the final clinical diagnosis, this new immunoassay test confirmed ROM at initial presentation
with a sensitivity of 99% (187 of 188, 95% CI 0.97–
1.00), specificity of 91% (88 of 97, 95% CI 0.83–0.95),
PPV of 95% (187 of 196), and NPV of 99% (88 of 89).
Comparing the conventional clinical evaluation
(sterile speculum examination) alone to the final
clinical diagnosis, the sterile speculum examination
had a sensitivity of 85%, specificity of 98%, PPV of
99%, and NPV of 77%. Ferning alone showed a
sensitivity of 99%, specificity of 72%, PPV of 80%,
and NPV of 99% when compared to the final clinical diagnosis. Nitrazine alone showed a sensitivity
of 93%, specificity of 83%, PPV of 90%, and NPV of
88% when compared to the final clinical diagnosis
(Table I). As seen from Table I, the sensitivity of the
immunoassay test is better than any of the individual standard components of the conventional
clinical evaluation for ruptured membranes. The
specificity of this new immunoassay test (91%)
compares favorably with the conventional clinical
evaluation (98%) and better than ferning or nitrazine alone. The PPV compares well with all
methods and the NPV is equal to or better than all
3 approaches.
Table II shows the immunoassay test results (by
gestational age) obtained in the clinical study as
compared with the final clinical diagnosis results.
Six of the 9 false positives were at term and only 3
of 9 were preterm. Data are presented as sensitivity
and specificity with confidence intervals for all gestational age groups, term and preterm groups, < 24
weeks’ gestational age, 24–34 weeks, and > 34
weeks’ gestational age.
The clinical users who performed the multisite
clinical study consisted of 28 OB Residents in training, 2 Family Practice Residents in training, 1 MFM
Attending, 11 Midwives, and 6 Nurses. The overall
percentages for the performance of different parts
of the examination/testing were as follows: (1) sterile speculum examination: MFM Attending = 16%,
Residents = 66%, Midwife/Nurses = 18%, (2) new
immunoassay test collection: MFM Attending =
14%, Residents = 68%, Midwife/Nurses = 18%, and
(3) new immunoassay test interpretation: MFM Attending = 4%, Residents = 72%, Midwife/Nurses =
24%. The new test design was rated excellent in 181
cases (64%) and good-to-satisfactory in 97 cases
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Figure 2 Flow diagram
results for total patient
population of the
multicenter study.
Conventional evaluation
results are from standard
speculum examination of
pooling, ferning, nitrazine.
ROM = rupture of amniotic
membranes, Neg = negative
result, Pos = positive result,
Conventional evaluation =
sterile speculum
examination results, Final
clinical Dx = evaluation of
patient’s clinical course in
diagnosing true rupture on
initial examination.

Table I Comparison of Conventional Evaluation (Standard Speculum Examination of Pooling, Ferning, Nitrazine), Ferning Alone,
Nitrazine Alone, and the New Immunoassay Test Results, Each Relative to Clinical Assessment (Reference Standard)

All gestational ages, total
True negative
True positive
False positive
False negative
Sensitivity
Speciﬁcity
PPV
NPV

Conventional evaluation vs.
ﬁnal clinical diagnosis

Immunoassay test vs.
ﬁnal clinical diagnosis

Ferning vs. ﬁnal
clinical diagnosis

Nitrazine vs. ﬁnal
clinical diagnosis

285
95
160
2
28
0.85
CI 0.79–0.89
0.98
CI 0.93–0.99
0.99
CI 0.96–1.00
0.77
CI 0.69–0.84

285
88
187
9
1
0.99
CI 0.97–1.00
0.91
CI 0.83–0.95
0.95
CI 0.90–0.98
0.99
CI 0.94–1.00

285
96
150
38
1
0.99
CI 0.96–1.00
0.72
CI 0.64–0.79
0.80
CI 0.73–0.85
0.99
CI 0.94–1.00

285
85
170
18
12
0.93
CI 0.89–0.96
0.83
CI 0.74–0.89
0.90
CI 0.85–0.94
0.88
CI 0.80–0.93

Shown on the test characteristics with two-sided 95% conﬁdence intervals.
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Table II Sensitivity and Speciﬁcity for the Immunoassay Test at
Various Gestational Age Groups
Gestational
age
(wks)
All
≥ 37
< 37
> 34
24–34
< 24

N

Sensitivity
(95% conﬁdence
interval)

Speciﬁcity
(95% conﬁdence
interval)

285
198
87
236
36
13

99.5 (97.0, 99.9)
99.4 (96.4, 99.9)
100 (89.6, 100)
99.4 (96.7, 99.9)
100 (83.2, 100)
100 (43.9, 100)

90.7 (83.3, 95.0)
86.0 (72.7, 93.4)
94.4 (84.9, 98.1)
88.5 (76.4, 93.8)
100 (89.0, 100)
80 (49.0, 94.3)

(34%). Ease of use was rated excellent in 143 cases
(50%) and good in 135 cases (47%). There were no
complaints for difficulties in interpretation of the
results, nor concerns for the safety or efficacy of the
device.
Discussion
Given that preterm PROM is associated with significant perinatal mortality and morbidity, the development of an accurate test to confirm the diagnosis
of ROM would be of great benefit. Furthermore, the
development of a point-of-care test that is both accurate and easy to use by a wide array of clinicians
(nurses, midwives, physicians, etc.) would be a true
asset.
The accurate diagnosis of fetal membrane rupture remains a common clinical problem. The “clinical standard” for the diagnosis of ROM is subjective and relies on the ability of a clinician to
visualize pooling of amniotic fluid in the posterior
fornix of the vagina, document an alkaline vaginal
pH, and identify ferning of the cervicovaginal secretions microscopically. Because each of these tests
is subjective and susceptible to interference, individually they may lead to unacceptable false positive and false negative rates and are therefore not
ideal reference standards. Because of the limitations
of current testing methods, investigators have
sought alternative markers. Although these markers are predictive for patients with intact membranes or unequivocal membrane rupture, they are
often considered unnecessary due to cost, testing
complexity, and low test sensitivities in cases of
equivocal rupture. The absence of a noninvasive
“gold standard” for the diagnosis of PROM has led
to continued development of advanced biochemical
markers. Despite improved diagnostic value in
equivocal cases of suspected membrane rupture,
biochemical markers may lack sufficient sensitivity

and specificity. In the common clinical situation
where a healthcare provider encounters a patient
with an equivocal diagnosis of ruptured membranes, diagnostic accuracy is the key to successful
management and improved perinatal outcome.
Nearly one quarter of all patients ultimately diagnosed with ROM do not present with overt clinical
evidence of ruptured membranes.7
This clinical study demonstrates that a new combination monoclonal/polyclonal immunoassay is
an accurate method for diagnosing ROM. In this
group of patients spanning 3 labor and delivery
units, this new, rapid, immunoassay test was an
accurate and easily used method for diagnosing
ROM in symptomatic women across a wide gestational age range, with an overall sensitivity of 99%,
specificity of 91%, PPV of 95%, and NPV of 99%.
Analysis also showed that the test’s sensitivity was
superior to combined clinical testing (ferning, pooling, and nitrazine), and its specificity was superior
to ferning or nitrazine testing alone.
Although we recognize the limitations of including a chart review of the clinical course along with
the conventional examination as a final clinical diagnosis, this is generally how physicians ultimately
determine the status of a patient’s membranes, and
this methodology is supported by previous clinical
studies.5-7,26 It is often true that a diagnosis cannot
be made (with utmost certainty) until after the
patient delivers, but in practice one often obtains
information regarding the clinical course that, in
retrospect, makes the diagnosis of the presence or
absence of ROM more certain.
A false-positive test (defined as a positive immunoassay test in women who were subsequently
found not to have ROM) was documented in 9
cases, for a total false-positive rate of 9%. Although
the cause of these false-positive results is currently
unknown to us, this rate is significantly less than
the false-positive rate reported by Lee et al26 associated with the immunoassay test identifying PAMG1. Schuman27 proposed that amniotic fluid can initially dissect between the amnion and the chorion
prior to clinically obvious ROM, and immunoassays for amniotic proteins are more sensitive in detecting subclinical ROM with minute amounts of
fluid leaking through microperforations in the
membranes near term. Nuutila et al28 concluded
that phosphorylated isoforms of PP12 are present in
cervical secretions of women with intact fetal membranes produced by decidual cells and reflect cervical ripeness in preparation for delivery. Further
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studies are needed to verify this explanation and to
determine the clinical significance of these observations. While this technically would result in a positive diagnosis of ROM before the membranes were
actually ruptured, it would be clinically valuable
because it would presage the event and hold the
same clinical utility for patient management as if
there had been overt ROM. These results and other
recent immunoassay reports suggest that perhaps
the value of immunoassay protein tests are to alert
the physician of the presence of these proteins in the
vaginal secretions but not that there necessarily exists gross rupture of the amniotic membranes.26
This suggests the value of these tests lies in their use
as an aid for evaluation of ROM and in conjunction
with other clinical assessment before invasive therapy is instituted. In term patients a false positive
has less significance than in preterm patients as the
treatment will most likely not change significantly.
We recognize that when this assay is used in
preterm patients with equivocal clinical findings, a
positive result should be evaluated in light of the
clinical scenario before a decision is made to deliver, and we would consider amniocentesis a useful
confirmatory procedure in these rare cases. A false
negative result at < 34 weeks can be very worrisome, as failure to treat can result in serious underestimation of the risk to the pregnancy, and resultant morbidity. The results of this study could be
more significant with a greater number patients,
especially at lower gestational ages, although confidence intervals at these ages are > 0.81.
In conclusion, this new immunoassay test proves
to be a rapid, accurate, and easy to use point-of-care
test for aiding in the diagnosis of ROM. The ROM
Plus is a practical test to be performed by point-ofcare clinicians including nurses, midwives, and
physicians. Its performance in a multicentered,
prospective study illustrates the superior sensitivity and specificity to ferning and nitrazine testing
alone and suggests that it may be superior to immunoassay tests using monoclonal antibodies alone.
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