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, Abstract—Background: Failure to detect pregnancy in
the emergency department (ED) can have important conse-
quences. Urine human chorionic gonadotropin (uhCG)
point-of-care (POC) assays are valued for rapidly detecting
early pregnancy with high sensitivity. However, under
certain conditions, POC uhCG tests can fail to detect
pregnancy. Objectives: In investigating a series of late
first-trimester false-negative pregnancy tests in our ED,
a novel and distinct causative phenomenon was recently
elucidated in our institution. We discuss uhCG POC tests,
review our false-negative rate, and describe mechanisms
for false negatives and potential remedies. Discussion: The
false-negative POC uhCG rate is very low, but in the setting
of a large volume of tests, the numbers are worth consider-
ation. In positive uhCG POC tests, free and fixed antibodies
bind hCG to form a ‘‘sandwich’’; hCG is present in several
variant forms that change in their concentrations at differ-
ent stages of pregnancy. When in excess, intact hCG can sat-
urate the antibodies, preventing sandwich formation (hook
effect phenomenon). Some assays may include an antibody
that does not recognize certain variants present in later
stages of pregnancy. When this variant is in excess, it can
bind one antibody avidly and the other not at all, resulting
in a false-negative test (hook-like phenomenon). In both
situations, dilution is key to an accurate test. Conclusions:
Manufacturers should consider that uhCG tests are
routinely used at many stages of pregnancy. Characterizing
uhCG variants recognized by their tests and eliminating
lot-to-lot variability may help improve uhCG test perfor-
mance. Clinicians need to be aware of and familiarize
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themselves with the limitations of the specific type of
uhCG POC tests used in their practice, recognizing that
under certain circumstances, false-negative tests can
occur. � 2013 Elsevier Inc.

, Keywords—emergency department; pregnancy detection;
human chorionic gonadotropin; point-of-care testing
INTRODUCTION

Failure to detect pregnancy in the emergency department
(ED) can have important consequences. These may
include missed ectopic pregnancy (the leading cause of
first-trimester pregnancy-related maternal death), admin-
istration of medications contraindicated in pregnancy,
fetal radiation exposure, patient complaints, and lawsuits.
This has led to the emergency medicine dictum to check
for pregnancy in all women of child-bearing age (1–3).

Pregnancy tests in general usage include qualitative
urine point-of-care (POC) tests in laboratories, clinics,
and EDs; over-the-counter (OTC) urine tests for consumer/
layperson use; and qualitative and quantitative serum
tests. With their high level of reliability, POC tests have
become a widely accepted, fast, and accurate method for
determining pregnancy. Compared to serum human cho-
rionic gonadotropin (hCG) testing, urine hCG POC tests
have been reported to achieve as high as 100% sensitivity
er 2010;
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and 99.2% specificity in a clinical setting, which resulted
in a positive predictive value of 98.3% and a negative
predictive value of nearly 100% (4). In addition to their
accuracy, POC testing is also preferred in emergent set-
tings due to its faster result times, with a mean time to
result of 7.6 min, compared to 67.4 min for urine results
from the laboratory (5).

Like all tests, POC uhCG tests have limitations. In
addition to familiar problems (incorrect reading time,
insufficient/dilute urine, mislabeled specimens), false-
negative results have been reported in urine-based
POC qualitative hCG tests due to what is known as the
‘‘hook effect phenomenon’’ (6). Recently, investigation of
a number of false-negative urine POC tests among pa-
tients with late first-trimester pregnancies in our ED led
to the postulation of a similar but distinct ‘‘hook-like’’
effect that can result in false-negative urine hCG testing
at later stages of early pregnancy (Table 1) (6). We de-
scribe these phenomena, present data from a review of
false-negative uhCG tests in our ED, and discuss urine
hCG POC testing and potential remedies for these false-
negative results.

CASE SERIES

Among approximately 87,000 annual visits to our ED in
2009, 11,760 urine hCG tests were performed. In this
time period, five false-negative urine POC pregnancy
tests late in the first trimester were reported through our
end-of-shift reporting system, with serum testing from
the ED and subsequent confirmatory testing of mecha-
nism in the laboratory. We present details of these cases.
Patient ages ranged from 18 to 23 years, and estimated
gestational ages ranged from approximately 6 to
12 weeks. Each patient asserted at triage that she was
pregnant. This assertion in the setting of a negative test
prompted further testing. After the POC testing results,
pregnancy was confirmed with serum hCG tests and bed-
side ultrasound. In at least one of the cases presented, the
news that the urine pregnancy test was negative resulted
in much patient anxiety and grief before subsequent
testing confirmed pregnancy. Embarrassment and need
Table 1. Patients with False-negative uhCG by POC Testing (All Pr

Age, Years
Estimated

Gestational Age Chief Complaint

18 12 weeks Vaginal spotting, abdominal cra
23 10 weeks Sharp left flank pain
18 12 weeks Abdominal cramping, hematuria
22 12 weeks Left lower quadrant abdominal p
22 6 weeks Nausea and vomiting

uhCG = urine human chorionic gonadotropin; POC = point-of-care.
OSOM/Genzyme, Cambridge, MA.
Inverness Medical Professional Diagnostics, Princeton, NJ.
for explanation on the part of the provider who had
initially conveyed the false-negative test results might
be avoided when limitations of the uhCG testing are fully
understood. Accompanying diagnoses included urinary
tract infection, cervicitis, threatened abortion, abdominal
and low back pain with evaluation for appendicitis, and
hyperemesis gravidarum. Further details are provided
in Table 1.

A subsequent 1-year record review (November 1, 2008
to November 1, 2009) was undertaken through a query of
our electronic medical record to provide an estimated
false-negative rate, identifying additional false-negative
POC uhCG tests (Figure 1). Sixty-nine cases were identi-
fied with a negative uhCG test followed by a positive
serum quantitative hCG. Chart review revealed that in
29 of these cases, notation of negative POC testing was
due to documentation error that was detected in real
time and noted in the chart. In the remaining 40 cases,
the POC uhCG test was negative and a serum quantitative
hCG was positive, giving an overall false-negative rate of
0.34% (40/11,760). In our institution, the lower threshold
for POC kits is 25 IU/mL, and 5 IU/mL is the lower limit
our laboratory reports for serum quantitative tests. In 18
of these 40 cases, the quantitative serum level was below
the threshold for detection by POC testing, with levels
ranging from 6.9 to 20.8 IU/mL. Restriction of results
to negative POC results within the detection range of
the test kit would yield a false-negative rate of 0.19%
(22/11,760).

In nearly every case, serum testing was prompted after
report by the patient of recent positive testing at home,
a clinic, or in the ED. Vaginal bleeding was the most com-
mon chief complaint. Among the 22 cases with serum
concentrations above the POC detection threshold, esti-
mated gestational ages (based upon last menstrual period)
ranged from 4 weeks, 2 days to 16 weeks, 1 day. Serum
quantitative levels ranged from 25.4 to 268,022.5 IU/
mL. It is possible that there were additional false-
negative POC tests that went undetected, as POC tests
are not routinely confirmed by serum hCG testing. In
the majority of the cases identified, no reporting was ini-
tiated for laboratory follow-up to ascertain the etiology.
egnancies Confirmed with Bedside Ultrasound)

POC Urine hCG
(Manufacturer)

Quantitative Serum
hCG (IU/L)

mping Negative (OSOM/Genzyme) 419,680
Negative (OSOM/Genzyme) 133,860
Negative (Inverness) 166,659

ain Negative (Inverness) 157,681
Negative (Inverness) 216,821



Figure 1. Flow diagram for chart review. hCG = human
chorionic gonadotropin; POC = point-of-care.
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DISCUSSION

POC tests usually employ monoclonal antibodies or
a combination of mono- and polyclonal antibodies to
detect the intact hCG hormone in urine. These so-called
‘‘sandwich assays’’ consist of a fixed solid-phase anti-
body attached to some matrix and a separate free or
soluble antibody to which a ‘‘reporter’’ label is attached.
These antibodies bind different epitopes of an antigen
(here, hCG), forming a ‘‘sandwich,’’ which then results
in a visible signal that the user can read to indicate the
test is positive (Figure 2).

Human chorionic gonadotropin is a glycoprotein
comprised of a and b subunits that is produced in the
placenta after implantation. The b-subunit of hCG is
what is measured in pregnancy tests, as the a subunit
can also be found in other hormones such as luteinizing
hormone, follicle-stimulating hormone, and thyroid-
stimulating hormone. The b subunit exists in several
forms, including hyperglycosylated hCG (H-hCG),
nicked hCG, free b subunit, the core fragment of
Figure 2. Sandwich assay schematic demonstrating a normal
positive test. Molecules of intact human chorionic gonadotro-
pin (hCG)are recognizedbyboth solid-stateantibodiesfixed to
amatrix and by soluble free-floating antibodies with an affixed
reporter label to form a ‘‘sandwich,’’ resulting in a positive test.
b-hCG (hCG-bcf), and others (Figure 3). The relative
fractional concentrations of these forms change through-
out pregnancy (6). For example, H-hCG is the primary,
if not sole form of hCG produced after implantation, and
accounts for up to as much as 60% of hCG found at
4 weeks, dropping to < 5% in the second and third
trimesters (7). By contrast, hCG-bcf is high in mid-
pregnancy urine (8).

Urine and serum hCG concentrations vary widely
during pregnancy, with urine concentrations measuring
approximately half that of the corresponding serum frac-
tions, depending on the hydration status of the patient.
Reported thresholds for detection in POC tests are
between 15 and 100 mIU/mL (7). In the week after
a missed menstrual period, serum hCG concentrations
can range broadly from 6 to 19,950 mIU/mL (9). One
study reports that although POC tests routinely claim
a ‘‘99% detection rate,’’ their sensitivity in detecting preg-
nancy at 1 week, in fact, ranges only up to 97% (10). In
addition, various POC and OTC test kits may not detect
certain hCG variants as well as others, and sometimes
not at all. One study reported that a majority of urine
pregnancy tests had poor sensitivity for H-hCG, which
typically is the highest concentrated variant of hCG
present in early pregnancy (6,7,11). This has led to
recognition of the potential for false-negative urine
qualitative testing in very early pregnancy.

A known failure mode for pregnancy detection by urine
hCG POC tests occurs when hCG is in large excess and no
dilution step is performed to wash the excess hCG variant
away. The excess hCG form can simultaneously saturate
the fixed, solid-phase antibody and the labeled, soluble an-
tibody, preventing sandwich formation (Figure 4). This
‘‘hook effect phenomenon’’ results in absence of a signal,
and thus a false-negative result. The paradoxical decrease
in the curve plotting an increased signal with increased
concentration of antigen gives the appearance of a hook,
hence the name (Figure 5) (6,9). In POC urine hCG tests,
the hook effect is generally not observed until hCG
concentrations reach 1,000,000 mIU/mL, as is seen in
gestational trophoblastic disease. However, the ‘‘hook
effect’’ can also cause false-negative results in normal
pregnancies when an excess of hCG is present.

A similar but distinct ‘‘hook-like’’ effect was hypoth-
esized to occur when one of the antibodies in the
sandwich configuration is unable to bind a particular
hCG variant such as hCG-bcf, whereas the other anti-
body avidly binds this fragment. Under normal condi-
tions, a sandwich can still form when the two
antibodies both bind to other hCG variants present,
resulting in a positive test. However, when the variant
(here, hCG-bcf) is in high concentration, it will saturate
the antibody that recognizes it to the exclusion of other
variants present. Because the other antibody in the



Figure 3. Common human chorionic gonadotropin (hCG) variants. Adapted from Cole LA. Immunoassay of human chorionic
gonadotropin, its free subunits, and metabolites. Clin Chem 1997;43(12):2233-43 (15).
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sandwich assay does not bind hCG-bcf, sandwich forma-
tion (both fixed and soluble antibodies binding the hCG
variant) cannot occur, resulting in a false-negative test
(Figure 6) (8). This hypothesized phenomenon was
recently confirmed when previously unavailable purified
hCG-bcf was added to a pregnant patient’s urine and
resulted in a negative test (6,12).
Figure 4. The hook-effect phenomenon, where a human
chorionic gonadotropin (hCG) variant (here, hCG-bCF) is in
excess, saturating both the fixed and the free-floating,
labeled antibodies to the exclusion of other variants, such
as intact hCG. This prevents sandwich formation and results
in a false-negative test.
Although uhCG POC tests perform well under
conditions where hCG variants are present in typical
concentrations, such as in early pregnancy, false nega-
tives can result when hCG-bcf is in excess, as can happen
later in the first trimester. This example is particularly
important because hCG-bcf is the major hCG beta
subunit molecule in the urine from about 5–8 weeks of
gestation until term, and accounts for up to 90% of the
urine test activity in mid-pregnancy (13). This same
phenomenon presumably can occur with different hCG
variants given similar conditions. Although hCG-bcf is
found almost exclusively in the urine, theoretically this
‘‘hook-like’’ effect can occur in serum as well as urine
tests. When a false-negative test is suspected and thought
to be a result of the ‘‘hook-like’’ effect, repeating the test
after diluting the urine can often resolve the issue. In our
laboratory, dilutions for qualitative results are performed
with normal saline at both 1:2 and 1:5 concentrations.

Concern over the discovery of these false-negative
uhCG results in our institution resulted in switching
from one POC device (OSOM hCG Combo Test; Gen-
zyme Diagnostics, Cambridge, MA) to another (hCG
Combo SP Brand Rapid Test device; SP hCG Rapid



Figure 5. Hypothetical curve for an assay where (A) increas-
ing concentration of an antigen results in a stronger signal,
and (B) where increasing concentration of antigen results in
a ‘‘hook effect,’’ where the signal paradoxically decreases.
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Test, Cardinal Health, Dublin, OH). Interestingly, this
same ‘‘hook-like’’ phenomenon eventually was demon-
strated to occur with certain lots of the new test kits
(12). Our institution postulates that the ‘‘hook-like’’ ef-
fect phenomenon resulting in false-negative uhCG
POC results could be an issue for a wide variety of test
kits currently on the market (12). In the case of the latter
Figure 6. This schematic demonstrates the ‘‘hook-like’’ ef-
fect where a human chorionic gonadotropin (hCG) variant
such as hCG-bCF is present in excess in an assay where
this variant is recognized by one but not both of the anti-
bodies. Here, hCG-bCF is not recognized by the fixed anti-
bodies, but saturates the free-floating, labeled antibodies,
preventing them from binding with intact hCG and forming
a sandwich with the fixed antibodies. This results in a false-
negative test.
occurrence, changes in the specificity of the polyclonal
antibody used in new lot numbers likely resulted in
false-negative test results.

CONCLUSIONS

Urine hCG POC tests generally perform very well, with
low false-negative rates. Because POC uhCG tests are
optimized for detection of very early pregnancy, when
hCG-bcf is not present or is present in low concentra-
tions, antibodies to this variant may not be included in
test kits. Manufacturers should consider that their POC
uhCG tests are routinely used in emergent settings at
many stages of pregnancy. Manufacturers should charac-
terize the hCG variants recognized by their tests, optimize
their tests to detect both early and mid-stage pregnancy,
and institute quality assurance measures eliminating
lot-to-lot variability. Clinicians must familiarize them-
selves with the mechanisms and limitations of the specific
type of urine point-of-care used in their practice while
recognizing that under certain circumstances, false-
negative tests can occur (8,14).
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