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Evaluation of Four Commercial 
Enzyme Immunoassays for 
Detection of Immunoglobulin 
M Antibodies to Human 
Parvovirus B 19 

T. S loo t s  1, EL .  D e v i n e  2. 

Four commercial enzyme immunoassays (EIAs) for 
the detection of parvovirus B19-specific immuno- 
globulin M (IgM) antibodies [Biotrin Parvovirus 
B19 IgM (Biotrin International, Ireland); Parvoscan 
B19 IgM (Euro-Diagnostica, Sweden); Parvovirus 
IgM (Immunobiological Laboratories [IBL], Germa- 
ny); and human parvovirus B19 IgM (Hillcrest Bio- 
Iogicals, USA)] were compared to indirect immuno- 
fluorescence assay (IFA) and polymerase chain re- 
action (PCR). Using IFA as the reference test, high 
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sensitivities (>_ 97%) were observed with all four 
EIAs, though the specificities of the Biotrin and IBL 
EIAs (99% and 96% respectively) were significant- 
ly higher than those of the Hillcrest and Euro- 
Diagnostica EIAs (81% and 79% respectively). 

Parvovirus B19 is the causative agent of Erythe- 
ma infectiosum or fifth disease, a common child- 
hood disease (1). Parvovirus infection can have se- 
rious consequences for patients with pre-existing 
haemolytic disorders, such as sickle cell anaemia, 
in whom a transient aplastic crisis may develop. Al- 
though parvovirus infection during pregnancy is 
uncommon, infection may result in foetal hy- 
drops and spontaneous abortion or stillbirth (2). 

hnmunoglobulin M (IgM) antibodies to parvo- 
virus B19 may be detected in the serum of some 
patients as early as two days following infection 
and may persist for more than 60 days (3). Acute 
B19 infection may be diagnosed by the presence 
of IgM antibodies, whereas earlier infection can be 
diagnosed only by the detection of virus or viral 
products using such techniques as the polymerase 
chain reaction (PCR). A period of overlap occurs 
when both IgM and viral DNA may be detected 
in the patient (4). The inability to propagate suf- 
ficient numbers of the virus for diagnostic pur- 
poses limited the development of serological as- 
says for parvovirus B19 until synthetic peptide and 
recombinant viral antigens became available 
(5-7). A number of commercial assays were sub- 
sequently developed, four of which were com- 
pared with indirect immunofluorescence assay 
(IFA) and PCR in the present study. 

Materials and Methods. The serum samples 
(n = 102) tested in this study were submitted to the 
Clinical Virology Research Unit of the Royal 
Children's Hospital, Queensland, Australia. In- 
cluded were sera submitted for parvovirus B19 
testing (n = 69) from patients suspected of having 
Erythema infectiosum infection (n = 30); from pa- 
tients with haematological disease, including he- 
reditary spherocytosis, leukaemia, and chronic 
anaemia (n -= 17); from pregnant women with foe- 
tal loss as a result of an undiagnosed viral infec- 
tion (n = 10); and from patients with acute arthro- 
pathy (n = 12). Also included were sera (n = 17) 
from patients with evidence of acute infection 
other than parvovirus B19, including three 
positive for rubella IgM; three positive for 
Toxoplasma gondii IgM; three positive for cyto- 
megalovirus (CMV) IgM; two positive for Ross 
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River virus (RRV) IgM; one positive for both 
CMV and Ross River virus IgM; three positive for 
measles IgM; and two positive for mumps IgM. In 
addition, acute/convalescent serum specimens 
(n = 16) obtained from four children with clinical- 
ly proven Erythema infectiosum infection 
(PCR positive and IgM positive for B19 by IFA) 
were also included. 

Biotrin Parvovirus B19 IgM enzyme immunoassay 
(EIA) (Biotrin International, Ireland); Parvo- 
scan B19 IgM (Euro-Diagnostica, Sweden); 
Parvovirus IgM EIA [Immunobiological Labora- 
tories (IBL), Germany]; and human parvovirus 
B19 IgM EIA (Hillcrest Biologicals, USA) were 
compared with IFA and PCR. All assays were per- 
formed according to the manufacturers' instruc- 
tions. All were indirect EIAs except the Biotrin as- 
say, which was in the mu-capture format. The 
Parvoscan assay used a synthetic peptide antigen; 
the other assays used recombinant viral capsid an- 
tigens. 

Parvovirus B19 IgM antibodies were also detect- 
ed by IFA as described (8). Slides containing in- 
sect cells expressing both parvovirus structural 
proteins VP1 and VP2 were kindly donated by Dr. 
C. Brown (9). Polymerase chain reaction ampli- 
fication of B19 DNA was performed using prim- 
ers and conditions described (10, 11). 

Results andDiseussion. All EIAs showed accept- 
able coefficients of variation (CVs) of < 10% in 
control sera (n = 10). The Biotrin test gave a par- 
ticularly low CV in the positive control (1.3%). 
The higher CV observed in the negative control 
(8.5 %) likely reflects the lower absorbance of the 
negative control sera in the Biotrin test relative to 
the other tests. 

All four EIAs and the IFA gave the same result 
in 78 of 102 serum samples tested (47/67 negative 
and 31/35 positive samples). Using IFA as the ref- 
erence test, high sensitivities (_> 97%) were ob- 
served with all four EIAs, though the specificities 

Table 1: Comparison of sensitivity and specificity of the four 
parvovirus assays using indirect immunofluorescence assay 
as the reference test. 

Test Sensitivity Specificity 
(IFA positive) (IFA negative) 
No. (%) No. (%) 

IBL 34/35 (97) 64/67 (96) 
Hillcrest 34/35 (97) 54/67 (81) 
Parvoscan 34/35 (97) 53/67 (79) 
Biotrin 35/35 (10(3) 66/67 (99) 

of the Biotrin and IBL EIAs (99% and 96%, re- 
spectively) were significantly higher than those of 
the Hillcrest and Euro-Diagnostica EIAs (81% 
and 79%, respectively) (Table 1). 

The Hillcrest and Parvoscan EIAs showed eleva- 
tion more often in sera from patients confirmed 
to have an IgM response to other infections (ru- 
bella, toxoplasmosis, cytomegalovirus, Ross River 
virus, mumps or measles; n = 17). The Parvoscan 
EIA was positive in nine of these sera; Hillcrest 
in seven; IBL in five; and Biotrin in three.The Par- 
voscan assay was the only test to give false- 
positive results in two of three rubella IgM- 
positive sera. The cross-reactivity of this test with 
the rubella sera is of concern because rubella is of- 
ten clinically indistinguishable from parvovirus 
B19 infection. Cross-reactivity between rubella 
and parvovirus B19 IgM has been reported pre- 
viously (12-14). The Parvoscan test also showed 
false positivity in five of ten sera collected from 
pregnant women suspected of having parvovirus 
infection. The Parvoscan test uses a synthetic 
peptide antigen, whereas the other EIAs use re- 
combinant parvovirus antigens. The peptide anti- 
gen, based on parvovirus structural protein VP2 
and the part of VP1 that overlaps VP2, may be the 
cause of higher cross-reactivity in sera from pa- 
tients with nonparvovirus infections. It is of inter- 
est that the Hillcrest EIA which also uses an an- 
tigen based on VP1 and VP2 showed lower spec- 
ificity than assays that use only VP2 antigen 
(Biotrin and IBL). Furthermore, differences be- 
tween assays could be due to the purity of antigens 
used, the coating and blocking procedures used, 
the serum diluents used, or posttranslational 
modification of the recombinant antigens that 
lead to differences in the epitopes that are ex- 
pressed or the conformation of synthetic pep- 
tide and recombinant antigens. 

It is also of interest that all four EIAs were posi- 
tive in three CMV IgM-positive sera. Immuno- 
globulin M IFA for parvovirus was also positive 
in two of these sera, and parvovirus was detected 
by PCR in one. This finding indicates that these 
sera may have been from parvovirus infection that 
showed a false-positive result in the CMV EIA 
used. Cytomegalovirus cross-reactivity in parvo- 
virus IgM EIA has been reported previously 
(14). Similarly, infection with Epstein-Barr virus 
has also been reported to lead to high cross-reac- 
tivity in parvovirus IgM EIA, but sera from pa- 
tients with acute infection due to varicella zoster 
and herpes simplex virus did not show significant 
cross-reactivity (14, 15). 
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F i g u r e  1:  Parvovirus-specific IgM profiles in patients with confirmed parvovirus infection using commercial enzyme 
immunoassays for the detection of B19-specific IgM antibodies. D, Hillcrest; V, Biotrin; /x, Euro-Diagnostica; and �9 IBL. 
The horizontal axis represents the day of sera collection relative to the first sera collected. The vertical axis displays EIA 
results, expressed as the ratio of sample OD to cut-off OD for each test. Results of IgM indirect immunofluorescence assay 
(IFA) and polymerase chain reaction (PCR) are also shown. 

Despite differences in sensitivity and specificity of 
the four EIAs used in this study, all showed simi- 
lar profiles when used to monitor IgM response 
in patients with Erythema infectiosum; these re- 
flected the results of IFA for parvovirus-specific 
IgM (Figure 1). It is of interest to note the differ- 
ences between serology and PCR for parvovirus. 
In one patient PCR detected parvovirus in the sec- 
ond sera tested, while IgM EIA and IFA were neg- 
ative. Ten days later both the PCR and IgM assays 
were positive. At 25 days, parvovirus was no long- 
er detected by PCR, but the IgM assays were still 

positive. Similarly, in two other patients, parvo- 
virus-specific IgM was detected for a longer peri- 
od than the viral products. This relationship be- 
tween the detection of anti-viral IgM and viral 
DNA has been described previously (4). 

We conclude that the Biotrin and IBL EIAs pro- 
vide a suitable test method for determination of 
parvovirus-specific IgM in a routine clinical labo- 
ratory, particularly since IFA has certain disadvan- 
tages: it lacks sensitivity, requires an experienced 
operator to interpret results, and has a variable 
end-point dilution. In addition, these EIAs can 
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easily accommodate a large number of samples 
and give a quantitative result that is less depen- 
dent on operator interpretation than IFA. 
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]noculum Effect and 
Bactericidal Activity of 
Cefditoren and Other 
Antibiotics against 
Streptococcus pneurnoniae, 
Haemophilus influenzae, and 
Neisseria meningitidis 

E Soriano 1., P. Coronel 2, M. Gimeno 2, 
M. Jim6nez 1, R Garcfa-Corbeira 1, 
R. Fernfindez-Roblas 1 

The inoculum effect on min imum inhibi tory and mi- 

n imum bactericidal concentrat ions of cefditoren, 

benzylpenicil l in, ampicil l in, cefotaxime, ceftr iaxone, 

and meropenem against six cl inical isolates each 

of Streptococcus pneumoniae, Haemophilus influ- 
enzae, and Neisseria meningitidis was studied 

using inocula of approx imate ly  104 to 105 and 107 

to 108 cfu/ml. Vancomycin was also studied 

against  Streptococcus pneumoniae. The inoculum 

effect was observed only with benzylpenici l l in 

and ampici l l in against f ive of six strains of Haemo- 
philus influenzae. All ant ib iot ics tested were 

bactericidal. 

Cefditoren is a parenteral cephalosporin from 
which a pivoxyl derivative for oral administration 
has been developed (1). This antibiotic has an ex- 
cellent in vitro activity against most leading bac- 
teria involved in meningitis, namely Streptococcus 
pneumoniae, Haemophilus influenzae, and Neis- 
seria meningitidis (1, 2), including strains with di- 
minished susceptibility or resistance to penicillin 
(3). Antibiotics suitable for treatment of bacteri- 
al meningitis must not only inhibit pathogens by 
low concentration of the drugs but also be active 
against high bacterial inocula and have demon- 
strated bactericidal activity (4). We therefore stu- 
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