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Background: Screening tests are avail-
able to determine immunity to vaccine-
preventable diseases, such as mumps and
rubella. We aimed to define better assay
for detecting immune status of health care
personnel to vaccine-preventable diseases.
Methods: Mumps and rubella antibodies
of health care personnel at Shimane Uni-
versity Hospital were examined by hemag-
glutination inhibition assay (HI), comparing
with those by enzyme immunoassay (EIA).
Results: A total of 910 sera from health
care personnel were tested. There was
poor correlation between HI and EIA in
detecting mumps antibodies with correla-
tion coefficient values (r) = 0.190 (P <

0.001), but in rubella antibodies HI and EIA
were relatively well correlated (r = 0.930,
P < 0.001). Seropositivity rate of HI ver-
sus EIA was found to be 65.7 versus 93.2,
and 89.5 versus 86.5% for mumps and
rubella, respectively. As compared with EIA,
HI identified sixfold larger seronegative

subjects in mumps. Moreover, in mumps,
88.8% of seronegative subjects detected by
HI were seropositive by EIA, while 3.7%
of seropositive subjects detected by HI
were seronegative by EIA. In rubella, 2.1%
of seronegative subjects detected by HI
were seropositive by EIA, and 1.7% of
seropositive by HI was seronegative by
EIA. Conclusion: Considerable difference
between HI and EIA in determining immune
status of health care personnel to mumps
and rubella suggests beneficial use of EIA
for the identification of accurate susceptible
personnel who subsequently undergo an
effective vaccination programs. Seropreva-
lence survey of health care personnel by
using appropriate assay is essential for pre-
vention and infection control strategies in
health care settings. J. Clin. Lab. Anal.
27:418–421, 2013. C© 2013 The Authors.
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INTRODUCTION

Vaccine-preventable diseases, such as measles, mumps,
rubella, and varicella, are viral infections, known to be
transmittable in health care settings. Health care per-
sonnel are at risk for exposure to and acquiring these
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diseases, and maintenance of immunity is therefore es-
sential for prevention and infection control programs for
health care personnel (1, 2).

There are several assays that determine the serologic
evidence of immunity to vaccine-preventable diseases,
and include hemagglutination inhibition assay (HI), com-
pliment fixation assay (CF), and enzyme immunoassay
(EIA) (enzyme-linked immunosorbent assay, ELISA).
Specificity and sensitivity, as well as cost, differ among
the assays. EIA is superior in specificity and sensitivity
(3), but its cost is much higher (approximately threefold
expensive) than HI or CF. Choice of assays may be clini-
cally crucial, since identification of susceptible health care
personnel, who should be recommended vaccination, is
dependent on these laboratory results. However, compar-
ative data between HI, CF, and EIA in a large series of
health care personnel are lacking. In this study, to better
define the assay for immune status of health care person-
nel against vaccine-preventable diseases, antibody titers
of 910 health care personnel against mumps and rubella
viruses were simultaneously analyzed by HI and EIA.

SUBJECTS AND METHODS

Study Population

Subjects included in this study were health care person-
nel at Shimane University Hospital. Since 2005, the infec-
tion control committee of Shimane University Hospital in
Japan has introduced serologic screening of immune sta-
tus of health care personnel against vaccine-preventable
diseases. After informed consent, sera were collected. The
present study was carried out in the form of an audit as
part of the hospital’s safety and clinical service develop-
ment.

Comparison Between HI and EIA in Detecting
Virus Antibodies

Collected sera underwent a serologic screening for
mumps and rubella. Antibodies against mumps and
rubella were tested by HI assay (Japan Clinical Laborato-
ries, Inc.). The antibody levels were defined as negative as
<×4 for mumps and <×8 for rubella on HI assay. EIA
tests were performed by staff of the immunoserology unit
of the central clinical laboratory in Shimane University
Hospital. In EIA, anti-mumps and anti-rubella IgG were
investigated by commercially available VIDAS assay kit;
Mumps-IgG and RUB-IgG (BioMerieux, Marcy-l’Étoile
France). In this method, the quantitative cut-off value
for seronegative was <0.35 for mumps and <10 IU/l for
rubella, and a titer at 0.35–0.50 for mumps and 10–15
IU/l for rubella was defined as equivocal value. Seropos-
itive cut-off was ≥0.5 for mumps and 15 IU/l for rubella.
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Statistical Analysis

Spearman’s rank correlation was employed for the re-
lationship between EIA and HI, and a correlation coeffi-
cient was calculated for mumps and rubella, respectively.

RESULTS

Nine hundred and ten health care personnel were stud-
ied, comprising 253 physicians, 394 nurses, 103 laboratory
technicians, 115 administrative staff, and 45 teaching staff.
Three hundred and four were males and 606 females. The
age ranged from 21 to 65 years (mean, 37.8 years). The
titers of antibodies against mumps and rubella tested by
HI were simultaneously compared with those done by
EIA.

Scattergrams that compare mumps and rubella anti-
body titers obtained by HI to those by EIA for individuals
of 910 health care personnel are shown in Figures 1 and 2,
respectively. In mumps, the titers of HI were poorly corre-
lated with those of EIA, and correlation coefficient values
(r) were calculated at 0.190 (P < 0.001; Fig. 1) whereas,
rubella titers correlated relatively well with HI and EIA
(r = 0.930, P < 0.001; Fig. 2).

Serologic results of health care personnel against
mumps and rubella detected by HI and EIA are shown in
Table 1. The percentages of seropositive subjects against
mumps detected by HI versus EIA were 65.7 (n = 598)
versus 93.2 (n = 848), respectively. On the other hand,
HI identified sixfold larger number of seronegative sub-
jects against mumps, as compared to EIA (n = 51 versus
312). Moreover, in mumps, 277 of 312 seronegative sub-
jects (88.8%) detected by HI were seropositive by EIA,

Fig. 1. Scattergrams of mumps titers detected by HI versus EIA.
The antibody titers against mumps of health care personnel (n = 910)
detected by HI were compared with those by EIA.
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Fig. 2. Scattergrams of rubella titers detected by HI versus EIA.
The antibody titers against rubella of health care personnel (n = 910)
detected by HI were compared with those by EIA.

whereas 22 of 598 seropositive subjects (3.7%) detected
by HI were seronegative by EIA. In rubella, seroposi-
tive subjects detected by HI versus EIA were 89.5% (n =
814) versus 86.5% (n = 787), respectively. Seronegative
subjects detected by HI versus EIA were 10.5% (n = 96)
versus 11.9% (n = 108), respectively, however, 2 of 96

TABLE 1. Serologic Results Against Mumps and Rubella An-
tibodies Detected by HI Versus EIA in Health Care Personnel
(n = 910)

n (%)

HI EIA Mumps Rubella

Negative Negative 29 (3.2) 94 (10.3)
Equivocal 6 (0.7) 0 (0)
Positive 277 (30.4) 2 (0.2)
Total 312 (34.3) 96 (10.5)

Positive Negative 22 (2.4) 14 (1.5)
Equivocal 5 (0.6) 15 (1.6)
Positive 571 (62.7) 785 (86.3)
Total 598 (65.7) 814 (89.5)

n (%)

EIA HI Mumps Rubella

Negative Negative 29 (3.2) 94 (10.3)
Positive 22 (2.4) 14 (1.5)
Total 51 (5.6) 108 (11.9)

Equivocal Negative 6 (0.7) 0 (0)
Positive 5 (0.6) 15 (1.6)
Total 11 (1.2) 15 (1.6)

Positive Negative 277 (30.4) 2 (0.2)
Positive 571 (62.7) 785 (86.3)
Total 848 (93.2) 787 (86.5)

seronegative subjects (2.1%) by HI were seropositive by
EIA. Moreover, 14 of 814 seropositive subjects (1.7%) by
HI were seronegative by EIA.

DISCUSSION

Vaccine-preventable diseases, such as mumps and
rubella, can be transmitted from patients to health care
personnel and from personnel to patients in health care
settings, and therefore all health care personnel need to
be immune to vaccine-preventable diseases for prevention
and infection control programs. Personnel are considered
immune when they have documentation of physician-
diagnosed diseases, documentation of vaccine on or af-
ter their first birthday, or serologic evidence of immunity
(2). Ensuring serologic evidence of immunity to vaccine-
preventable diseases should be based on an adequate and
reliable assay method. Serologic screening using a certain
assay with less specificity and sensitivity may create con-
siderable number of false-negative susceptible personnel.

In this study, we showed the comparison between HI
and EIA in detecting immunity to mumps and rubella,
by using 910 sera from health care personnel. Although
scattergrams showed relatively close relationship between
HI and EIA in detecting rubella antibodies, our results
indicate that there were considerable differences in the
number of health care personnel between HI and EIA in
detecting their immune status to mumps and rubella. Of
910 personnel, seronegative subjects for mumps identified
by HI and EIA were 312 (34.3%) and 51 (5.6%), respec-
tively, which indicates sixfold difference between HI and
EIA. For rubella seronegative subjects identified by HI
and EIA were 96 (10.5%) and 108 (11.9%), respectively.
Moreover, 88.8% of seronegative subjects for mumps by
HI were seropositive by EIA, and 2% of seronegative sub-
jects for rubella by HI were seropositive by EIA. HI ap-
pears to reflect the protective antibody level, but it can
result to detect excessive false-negative subjects because
of less sensitivity. Our results clearly show the evidence
that, when serologic evidence of immunity is based on
HI, a large number of personnel, who are seropositive by
EIA, can be identified susceptible, especially in the case
of mumps. EIA is in fact not the “gold standard” method
for detecting virus antibodies, however, it is a more spe-
cific and sensitive method than HI. Thus, HI may not be
sufficient for the promotion of adequate seroprevalence
survey of health care personnel, followed by a vaccine
program.

Moreover, our results showed that, 3.7% and 1.7%
of seropositive personnel for mumps and rubella who
were identified by HI were seronegative by EIA, respec-
tively. HI seems unable to find the appropriate suscepti-
ble personnel who should be recommended for vaccina-
tion. To identify appropriate susceptible personnel and to
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promote adequate and effective immunization programs
in hospital setting, EIA may be therefore crucial. On the
other hand, seroprevalence survey of health care person-
nel may be cost-effective. EIA is much more expensive
than HI; however, seroprevalence survey using EIA may
be more cost-effective—as, prevention of illness through
immunization for adequate susceptible personnel is far
more cost-effective than case management and outbreak
control.

On the other hand, our result showed that the percent-
age of seropositive health care personnel analyzed by EIA
was 93.2% and 86.5% for mumps and rubella, respec-
tively. Similar result has been described by other hospitals
of Japanese University (4), however seropositive rate of
health care personnel for rubella has been reported to be
higher in other countries, such as Italy and Turkey (5–7).
This difference may be dependent on vaccine programs in
each country. In Japan, routine vaccination program was
introduced in 1977. Measles, mumps, and rubella (MMR)
vaccination started in 1989, but since 1994 the monova-
lent rubella vaccine was recommended for infants because
of the adverse effect of MMR vaccination. Therefore, in
Japan the frequency of personnel who have immunity to
rubella might be low as compared to other countries.

In conclusion, we found the considerable differences be-
tween HI and EIA in detecting immunity of health care
personnel to mumps and rubella. Best understanding of
immunity of health care personnel, followed by promo-
tion of vaccination for susceptible personnel, might allow
qualifications and safety in patient care. Our analysis pre-
sented here strongly suggests that EIA is beneficial to

better define the immune status of health care personnel
against vaccine-preventable diseases.
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