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Evaluation of an Enzyme Immunoassay System for Measuring
Herpes Simplex Virus (HSV) Type 1-Specific and
HSV Type 2-Specific IgG Antibodies

Harry E. Prince,* Carolyn E. Ernst, and Wayne R. Hogrefe
MRL Reference Laboratory, Cypress, California

MRL Diagnostics has developed a dual
enzyme immunoassay (EIA) system that
employs the recombinant Herpes Simplex Vi-
rus (HSV) type-specific glycoproteins G1
(HSV1) and G2 (HSV2) to detect HSV type-
specific IgG antibodies. This system was
evaluated using 155 consecutive sera pre-
viously tested in a conventional dual EIA
system (Zeus) that employs multiple HSV1
and HSV2 proteins to detect type-common
as well as type-specific antibodies. Sera were
also analyzed by Western blot to determine
the true HSV type-specific 1gG reactivity
pattern. Of 110 sera giving concordant reac-
tivity patterns in the MRL and Zeus EIA sys-
tems, 108 (98%) also displayed concordant
Western blot patterns; two sera gave false
positive HSV2 reactivity in both EIA systems.

a Western blot reactivity pattern that matched
the MRL reactivity pattern. Both the HSV1
IgG component and the HSV2 IgG compo-
nent of the MRL EIA system were 100% sen-
sitive and > 95% specific. In contrast, the
Zeus HSV1 IgG EIA was 98% sensitive and
79% specific, and the Zeus HSV2 1gG EIA
was 85% sensitive and 79% specific. An
analysis of the distribution of index values in
the MRL EIA system showed that low-posi-
tive values (1.0-3.0) were rare, but, when
detected, often represented false positive
results; only 11 MRL low-positive results
were observed, but all 6 MRL false positive
results were found within this low-positive
subgroup. These findings show that the MRL
dual EIA system effectively detects HSV
type-specific IgG antibodies. J. Clin. Lab.

Of 45 sera giving discordant MRL and Zeus
EIA reactivity patterns, 41 (91%) displayed
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INTRODUCTION system; one EIA utilizes multiple HSV1 proteins as antigens,

Herpes Simplex Virus (HSV) types 1 and 2 exhibit a hig?lgd a second EIA utilizes multiple HSV2 proteins. Thus, an-

. - . - . Jibodies recognizing type-common antigens shared by both
degree of serologic crossreactivity due to extensive similaf|z . : -
2 . . . SV types react in both assays (9). It is therefore difficult to
ties in amino acid sequences of many proteins (1). Tra;s

- g . R etermine if a positive result in both assays represents
crossreactivity has limited the diagnostic utility of SerOl()g'c'rossreactive antibodies associated with a single infection
cal tests for distinguishing HSV1 from HSV2 infection. Iden;, g

. . . . . . HSV1 or HSV?2), or true dual infection.
tification of the infecting HSV types is particularly importan .
o - . . Although most HSV proteins express type-common
for characterizing genital herpes infection. Although most . : . L s
enital herpes cases are caused by HSV2, approximatel W}opes, glycoprotein G (gG) is antigenically distinct in HSV1
9 P y » app Y Jtdus HSV?2 (10). Thus, the antibody response to gG is type-

i : . V)
of cases in some geographic regions are caused by HSVls(chific; antibodies recognizing gG1 are found only in HSV1

Both HSV1 and HSV2 genital infections can be asympto:, ~~ . oo .
. : ; Infection, whereas antibodies recognizing gG2 are found only
matic or go unrecognized by the patient. However, HSV2 in- . . : .
: . oo : in HSV2 infection (11,12). Dual EIA systems using recombi-
fections tend to be more serious, as indicated by higher rates - .
" ; o .nant gG1 and gG2 to detect only type-specific HSV antibod-
of recurrence and subclinical viral shedding, in turn leadin . . B
ies have recently been described, and effectively distinguish

to more frequent transmission of virus to sexual partners gn : . : . .
neonates (3-6). Serologic identfication of HSV-infected it 01y infections, HSV2 only infections, and dual infec

dividuals and determination of the infecting HSV type artleOnS (13,14). The goal of this study was to evaluate the dual

thus important components of HSV transmission control pro-

grams (7,8). *Correspondence to: Harry Prince, Ph.D., MRL Reference Laboratory, 10703
Systems now in routine use for serologic characterizatiBipgress Way, Cypress, CA 90630. E-mail: hprince@mrlinfo.com

of HSV infection employ a dual enzyme immunoassay (ElA&Rkceived 18 June 1999; Accepted 21 September 1999
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EIA system recently developed by MRL Diagnostics (CYFABLE 1. Western blot reactivity patterns for sera giving
concordant reactivity patterns in Zeus and MRL EIA systems

press, CA).

HSV1/HSV2 pattern in Western blot reactivity

MATERIALS AND METHODS both EIA systems No. Corcordant Discordant
Serum Specimens —I- 39 39 0
. . o= 47 47 0
Sera used in the study were 155 consecutive specimens 3 3 0
(with volume > 0.2 ml) submitted for testing in the conver/+ 21 19 2
tional HSV IgG dual EIA system (see following paragraphjotals 110 108 2

#Both sera exhibited a +/— Western blot reactivity pattern.

Conventional HSV IgG Dual EIA System

HSV1 IgG and HSV2 IgG EIA kits were purchased froﬁh? HSV1 IgG EIA qualitative result/the HSV2 IgG EIA quali-
Zeus Scientific (Raritan, NJ). These kits utilize multiple HS\VRtive result.
proteins and HSV2 proteins, respectively, as antigens; thus,
type-common as well as type-specific IgG antibodies are &V Western Blot

tected in each assay. Assays were performed according to thg| sera were tested by Western blot (using in-house pre-
manufacturer’s instructions. Sera giving optical density (Ol3hred blot strips) as described previously (15). Western blots
values equal to or greater than the cutoff OD (i.e., index Vilere interpreted by three experienced readers who had no

ues= 10) were considered positive. The Zeus reaCtiViw p%ow|edge of the EIA reactivity patternS.
tern was defined as the HSV1 IgG EIA qualitative result/the

HSV2 IgG EIA qualitative result. RESULTS

- As shown in Table 1, the Zeus HSV IgG EIA reactivity
Type-Specific HSV'1gG Dual EIA System patterns and the MRL HSV IgG EIA reactivity patterns were
HSV1 IgG and HSV2 IgG EIA kits were supplied by MRLconcordant for 110 of the 155 sera evaluated (71%). Western
Diagnostics. These kits are commercially available, and withbiot reactivity patterns were concordant with the EIA pat-
the United States are for investigational use only. The kitggns in 108 of these 110 sera (98%); 2 sera exhibited HSV2
utilize purified HSV recombinant gG1 and gG2 proteins, réalse positive reactivity in both EIA systems. When the 45
spectively, as antigens; thus, only type-specific IgG antibaskra with discordant EIA reactivity patterns were analyzed
ies are detected. Assays were performed according to ligaVestern blot, 41 of 45 sera (91%) exhibited a Western blot
manufacturer’s instructions. Briefly, sera diluted 1:101 ireactivity pattern that matched the MRL EIA reactivity pat-
sample diluent were added to microtiter wells and incubatedn (Table 2).
for 1 hr at room temperature. Following 3 washes, peroxi-The performance characteristics of the Zeus and MRL HSV
dase-conjugated goat antihuman IgG (Fc fragment specifigl EIAkits in comparison to Western blot are shown in Table
was added to all wells, and incubation continued for 30 n#n Both the MRL HSV1 IgG EIA and the MRL HSV2 IgG
at room temperature. Following 3 additional washes, substratd were 100% sensitive and > 95% specific. These values
reagent (tetramethylbenzidine and hydrogen peroxideviere higher than the values obtained for the comparable Zeus
buffer) was added to all wells; after 10 min at room tempendSV IgG EIA procedures.
ture, stop reagent (1 N sulfuric acid) was added to all wells.To better understand the small number of false positive
OD values at 450 nm were then measured using an ELI&Aults obtained using the MRL EIA system, the relationship
plate spectrophotometer. Sera giving OD values equal tobetween index values and false positive results was evalu-
greater than the cutoff OD (i.e., index vale&<) were con- ated (Table 4). The dynamic range of index values in the MRL
sidered positive. The MRL reactivity pattern was defined ggstem was much greater than in the Zeus system; index val-

TABLE 2. Western blot reactivity patterns for sera giving discordant reactivity patterns in Zeus and MRL EIA systems

HSV1/HSV?2 reactivity pattern

Zeus EIA MRL EIA No. No. with WB pattern matching Zeus EIA pattern No. with WB pattern matching MRL EIA pattern
—I- —/+ 3 1 2
—/- +/— 3 1 2
+/— —/+ 1 0 1
+/— ++ 5 2 3
+/+ I+ 11 0 11
+/+ +/— 22 0 22
Totals 45 4 41
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TABLE 3. EIA performance characteristics compared to antibodies, their lack of reactivity in the Zeus HSV2 IgG EIA
Western blot may reflect the absence or low concentrations of the appro-
Parameter Zeus HSV1 Zeus HSV2 MRLHSV1 MRL HSv2priate HSV2 antigens.

True negative 46 92 57 111 The small group of sera givin_g false-positive results in the
False negative 2 6 0 0 MRL system was contained within the small group of sera
True positive 95 33 97 39 giving index values in the low-positive range. This overlap
False positive 12 24 1 S suggests low-level nonspecific IgG binding as a possible ex-
Sensitivity 97.9% 84.6% 100% 100%  planation for false-positive results. The rarity of samples giv-
Specificity 79.3% 79.3% 98.3% 95.7% . . . .

Efficiency 91.0% 80.6% 99 4% 96.8% INg MRLEIAresults in this low-positive range (7%), however,

is indicative of the system’s robust performance. A clear-cut
typing result (i.e., index value < 1.0 or > 3.0) was obtained
for 144 of 155 (93%) sera, and the result was 100% accurate

uels ;7%0 werel notgn;ggnmon n thet'MRL systlem, Wher?gisthese 144 sera. Those rare sera with low-positive index
only £ Index values = . (representing a single spemmeg}ues should be analyzed by Western blot to determine if the
were observed in the Zeus system. MRL HSV1 1gG results 1.+ is truly positive or falsely positive

the low-positive range (defmed as index values of l'.0—3'. As discussed by Ashley and Wald (9), false-negative reac-
were rare (3/155 = 1.9%); MRL HSV2 IgG results in thi ity early in infection is a potential limitation of any EIA
range were also uncommon (8/155 = 5.2%). Thus, qf 3 stem based solely on HSV type-specific antibody detec-
total MRL system results, only 11 results (3.5%) were in tt& n. Asdetermined by Western blot, 12 weeks may be re-
low-positive range. Each low-positive result occurred in ired for gG-specific antibodies ,to develop following
separate serum; thus, 11/155 sera (7%) exhibited a low pgﬁr'nary HSV infection; type-common antibodies, in contrast
tive.r.esult in the MRL EIA system. No'Fany, all 6 MRL false; ppear somewhat soéner. We thus expected to’identify a féw
p03|t|ve'r'esults were found among this subgroup of 11 M ra giving a Zeus true-positive/MRL false-negative pattern
low-positive results. for either HSV1 or HSV2. The lack of sera showing this pat-
tern may indicate that sera submitted for testing during this

DISCUSSION early infection window are uncommon. Studies using sera

Our findings show that the MRL Diagnostics dual EIA sygrom patients with clinically documented primary HSV in-
tem effectively identified HSV type-specific IgG antibodiedection are needed to elucidate the time course for the devel-
and can be used to successfully type HSV infections. Tegment of antibodies identified by the MRL dual EIA system.
sensitivities and specificities for the MRL system components
were quite similar to the values published for the compara@l€KNOWLEDGMENT
EIA system manufactured by Gull Laboratories (Salt Lake The authors thank Linc Davis for expert technical assis-
City, UT) (13) and the immunoblot assay manufactured 'Pé(nce in performing Western blot assays.
Chiron Corporation (Emeryville, CA) (14).

As expected, the Zeus EIA system yielded many false-posi-
tive results due to crossreactive antibodies. Somewhat SRiEFERENCES
prisingly, a small number of false-negative results, partiCUIarly. Schmid DS, Brown DR, Nisenbaum R, et al. Limits in reliability of
for HSV2 IgG, were also observed in the Zeus system. Sinceglycoprotein G-based type-specific serologic assays for herpes simplex

Western blots for these specimens clearly detected HSV2 IgGvirus types 1 and 2. J Clin Microbiol 1999;37:376-379.
2. Ashley R, CentA, MaggsA, et al. Inability of enzyme immunoassays to
discriminate between infections with herpes simplex virus types 1 or 2.
TABLE 4. Distributioin of index values and relationship to Ann Intern Med 1999;115:520-526.
false positive result8 3. Wald A,Zeh J, Selke S, et al. Virologic characteristics of subclinical
and symptomatic genital herpes infections. New Engl J Med 1995;
Index range Zeus HSV1 Zeus HSV2 MRLHSV1 MRL HSV2 333:770-775.

4. Mindel A. Genital herpes—how much of a public-health problem? Lan-

<1.00 48 98 57 111

1.00-1.50 11 (5) 22 (17) 2 &) 3 (3)b cet 1998;351(Suppl. I11):16-18. ' .
1.51-2.00 13 (4) 15 (5) o (v) 1(0f 5. Hashldo M, Leg _FK, Ipouye S, Kawana T. De_tect|op of herpes simplex
2.01-3.00 45 (3) 8 (0) 1(0) 4 (2P virus type-specific antlbodles by an en;yme-llnked immunosorbent as-
3.01-5.00 37 (0) 11 (0) 8(0) 9 (0) say_based on glycoprotem G. J Med Virol 1997;53:319—3_23. _
5.01-7.00 1 (0) 1(0) 11 (0) 9 (0) 6. Whltley‘RJ, Kimberlin DW, Dernard R. Herpes simplex viruses. Clin
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10.01-14.00 0 (0) 0(0) 28 (0) 10 (0) 7. Arvin AM, Prober CG. Herpes simplex virus type 2—a persistent prob-

lem. New Engl J Med 1997;337:1158-1159.

¥Data represent the number of sera with index values in the indicated rar@ieCowan FM, JohnsoAM, Ashley R, et al. Relationship between anti-
(number of false-positive sera). bodies to herpes simplex virus (HSV) and symptoms of HSV infection.
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