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Serum samples were collected from 27 indivia-
uals who had been infected with a member of
the genus Hantavirus in the Netherlands or Bel-
gium during the last 15 years. These samples
were tested in an immunofluorescence assay
(IFA) and two enzyme-linked immunosorbent
assay (ELISA) systems, using different virus
strains that represented each of the four recently
proposed serotypes of this genus. The serum
samples from 11 individuals who had been In-
fected through contacts with laboratory rats
showed the highest reactivities with Hantaan
virus (serotype |) and SR-11 (serotype Il) in the
IFA and ELISA systems. The samples of 16
individuals who had probably been infected
through contacts with wild rodents showed the
highest reactivities with Hallnas virus (serotype
1) in the IFA. All except two of these also showed
the highest reactivity with Hallnas virus in the
two different ELISA systems.
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INTRODUCTION

rotype II), Clethrionomys (serotype III), and Microtus
(serotype IV). Serotypes I and II are generally associ-
ated with more severe clinical manifestations 1n man,
causing mortality rates up to 10%, whereas serotype 111
generally causes milder symptoms and a mortality of
less than 1% [Lee and Van der Groen, 1989; Koolen
et al., 1989; Tsai, 1987]. Infections with serotype 1V
have so far not been associated with clinical symptoms
in humans [Lee and Van der Groen, 1989; Childs et al.,
1987]. Human infections due to contact with wild
rodents in Europe are generally caused by serotype 111
(Tsai, 1987; Osterhaus et al., 1989; Van der Groen
et al., 1983]. For the differentiation of HV serotypes,
several assay systems using monoclonal and polyclonal
antibodies have been used. These include immunoflu-
orescence assay (IFA), plaque reduction neutralization

assay, Western blot analysis, enzyme-linked 1mmu-
nosorbent assays (ELISA), precipitation, and haem-
agglutination inhibition tests [Lee et al., 1985b;
Goldgaber et al., 1985; Dantes et al., 1987; Takahashi

et al., 1986:; Zoller et al., 1989]. For the determination
of the serotypes that have infected certain individuals,
[FA on convalescent sera has been the most widely used
assay. Recently we described different ELISA systems
for the serology of HV infections in humans [Groen
et al., 1989]. In the present paper we compared two of
these assays—an indirect ELISA and an inhibition

ELISA—with an [FA for the determination of serotypes
that had been incriminated in recent human cases of
HV disease in the Netherlands and Belgium. In both
ELISA and IFA systems it was shown that human cases
acquired through contacts with laboratory rats were
associated with infections with serotypes I or II,

Hantavirus (HV) is a newly defined genus of the
family Bunyaviridae, for which at least four different
serotypes have been proposed [Lee et al., 1985b;
Goldgaber et al., 1985; Dantes et al., 1987; Lee and Van
der Groen, 1989; Sugiyama et al., 1987; Van der Groen
et al., 1987]. Members of this genus are transmitted to
man by direct or indirect contacts with subclinically
infected rodents which serve as a reservoir. Most of
these have been associated with serious infections 1n
man, causing haemorrhagic fever with renal syndrome
(HFRS). The proposed serotypes are more closely asso-
ciated with the genus of the reservoir host than with
geographical areas: Apodemus (serotype 1), Rattus (se-
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whereas in most of the cases in which a contact with
wild rodents could be assumed, a closer association with
serotype 1II was found.

MATERIALS AND METHODS
Virus and Antigen-Preparations

HV, serotype I (strain HV76-118) [Lee et al., 1978].
serotype 1l (strain SR-11) [Kitamura et al., 1983],
serotype III (strain Hallnés) [Yanagihara et al., 1984],
and serotype IV (strain Prospect Hill) [Lee et al., 1985a]
were propagated in Vero E6 cells. When 80% of the cells
were Infected, as determined by IFA, the infected cell
cultures were solubilized by treatment with 1% Triton
X-100 and sonicated twice for 15 seconds as described
previously [Groen et al., 1989]. The supernatants were
used as antigen after storage at —20°C.

Serum Samples

Serum samples were collected from 11 individuals
who had been infected with HV after contacts with
laboratory rats in the Netherlands or Belgium in 1981.
Their clinical histories have been described elsewhere
| Desmyter et al., 1983; Osterhaus et al., 1984]. Sixteen
serum samples were collected from individuals who had
developed HV disease after infection probably due to
contact with wild rodents in the Netherlands or Bel-
gium during the last 15 years as previously docu-
mented [Tsai, 1987; Osterhaus et al., 1989; Van der
Groen et al., 1983; Clement and Van der Groen, 1987:
Lahaije et al., 1989]. Rodent antisera specific for sero-
types | and II were generated by experimental intra-
nasal infection of two groups of six specific pathogen-
free rats, housed in separate pressurized glove boxes.
Six weeks later all the rats were bled by cardiac
puncture, their sera were pooled per group and used as
reference antisera. For practical reasons, antisera
against serotypes III and IV were raised in rabbits. Six
New Zealand white laboratory rabbits were infected by
a single intramuscular injection of Vero E6 cell propo-
gated Puumala virus (serotype III) or Prospect Hill
virus. Animals were bled from the marginal ear vein at
three-day intervals from six to eight weeks post-infec-
tion and all sera were pooled before dispensing as
references reagents.

Indirect Immunofluorescence (IFA)

An IFA was performed, essentially as described
previously [Groen et al., 1989]. In brief, infected Vero
E6 cells were collected and suspended in growth me-
dium containing 10% (v/v) dimethylsulfoxide at a den-
sity of 3.5 x 10° cells/ml. After gamma irradiation
(2.5 X 10° rad), the suspension was stored in 2 ml vol-
umes at —70°C until use. After thawing, the cell
suspension was centrifuged for 5 min at 580 x g, the
cells were washed three times in PBS, and then resus-
pended in PBS containing 5% FCS. This suspension
was seeded on Teflon-coated drop slides (Wellcome,
Beckenham, UK), fixed with —70°C ethanol, and
stained with either human, rabbit, or rat sera as the
first antibody. The second antibody used was a rabbit
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anti-human, swine anti-rabbit (Dakopatts, Glostrup,
Denmark), or goat anti-rat (Nordic, Tilburg, The Neth-
erlands) Ig preparation conjugated with fluorescein
isothiocyanate. Results were considered positive when
a characteristic dot-like immunofluorescence pattern
was observed in the cytoplasm of infected cells. Titers
were expressed as the reciprocal of the dilution of
primary antibody still giving clear immunofluores-
cence.

Indirect ELISA

The indirect ELISA was performed in a microtiter
system essentially as the cell-ELISA that we described
previously [Groen et al., 1989], using the respective
virus antigens described above instead of fixed infected
cells. In brief, antigen was coated to microtiter plates in
phosphate buffered saline (PBS pH 7.2) after determi-
nation of the optimal dilution by checkerboard titration
using sera from rats and rabbits raised against the
different serotypes. After adding a 1:100 diluted human
serum sample, plates were incubated for 1 hr at 37°C
and binding of the human Ig was detected by adding a
sheep anti-human Ig peroxidase conjugate (Amersham
International, Amersham, UK). Plates were developed
by adding tetramethylbenzidine as a substrate and
optical density was measured at 450 nm (OD,;,). Rat
sera were diluted 1:30 and rabbit sera 1:100, goat
anti-rat Ig peroxidase (Cappel Cooper Biomedical, West
Chester, PA) and goat anti-rabbit Ig peroxidase
(Sigma, St. Louis, MO) were used as conjugate. The
results obtained with each serum were expressed as the
difference between the OD,-, obtained with HV anti-
gen and the OD,;, obtained with control Vero EG6
antigen. The OD,;, of negative human sera (n = 485)
never exceeded 0.05.

Complex Trapping Blocking (CTB) ELISA

A CTB ELISA was performed in a microtiter system
as previously described [Groen et al., 1989]. In brief,
plates were coated with an optimal dilution of a Pro-
tein-A purified IgG fraction of a serum from an indi-
vidual who had been infected with serotype II
[Desmyter et al., 1983; Osterhaus et al., 1984]. Serial
twotfold dilutions of the sera to be tested were incubated
in the plates together with an optimal dilution of
serotype Il HV antigen. Subsequently the reduction of
antigen binding, as detected by a horseradish peroxi-
dase conjugate of the same serum used as a capture
antibody, was measured. Antibody titers were ex-
pressed as the reciprocal of the highest serum dilution
giving at least 40% reduction of the OD,;, obtained
with negative human sera. The same test was used for
the titration of antibodies against serotype III, using
the IgG fraction of an individual who had been infected
with serotype IlI as capture antibody and conjugate and
serotype III HV antigen. The sensitivity, specificity,
and reproducibility of the indirect ELISA as well as the
CTB ELISA has been described [Groen et al., 1989].
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RESULTS
Reactivities of Post-Infection Sera With Different
HV Serotypes in IFA

A comparison of the reactivities in IFA of the sera
from individuals who had been infected with HV
through contacts with laboratory rats (n = 11) or
through contacts with wild rodents (n = 16) and of the
used antisera is shown in Figure 1. The antibody titers
of the sera from laboratory-associated human cases
proved to be about the same against serotypes I and 11
and generally higher than against serotypes III and IV
(Fig. 1a—e). The titers of the sera from the individuals
infected through contacts with wild rodents proved to
be generally higher against serotype III than against
the other serotypes (Fig. 1b,d,f). The serum pool of the
rats experimentally infected with serotype I only
showed reactivity with type I (titer 20) and not with the
other serotypes (Fig. 1d,e,f). The serum pool of the rats
experimentally infected with serotype II showed the
same titer against serotypes I and II (titer 180), and no
reactivities with the other two serotypes (Fig. 1b,d,c,t).

Z 14580 ~
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The rabbit serum raised against serotype III showed
the highest titer (titer 1620) against serotype III (Fig.
1b,d.f), a titer of 540 against serotype IV (Fig. 1c,e,f),
and was negative (titer <20) against the other two
serotypes. The rabbit serum raised against serotype IV
showed the same reactivities with serotypes II, I1I, and
[V (titer 540) (Fig. 1b,c,d,e,f) and had a titer of 180

against serotype .

Reactivities of Post-Infection Sera With Different
HV Serotypes in Indirect ELISA

Generally the same results were obtained when the
same collection of sera tested in the IFA was assayed 1n
the indirect ELISA (Fig. 2). Sera from the laboratory-
associated human cases reacted about the same with
serotypes I and II (Fig. 2a,b,c) and generally better than
with serotypes III and IV (Fig. 2b,c,d,e). Also the
reactivities of sera from individuals infected through
contact with wild rodents in the Netherlands and
Belgium proved to be generally higher against serotype
III than against the other serotypes (Fig. 2b,d,f) in this

A _TB O O ‘ . q C ; /
— g i Ef 4 o ° o o ) = ;..r"'
4 / s
1620— = O 00 O O s —1 s
Q Q *
S > B ; & Q0 o
5 & - e 1.7
% E s % O J..rf
180 - P o o ., e m o P o
L g y
E = % ~ " @ —g . O ;E;/f OO ®
[ “0- ol " e ® ® ; & 2 S e
. , ©
< 201 ;Df ] i T oF A " = ¢ .
S Des e SO LSS i e sans ey SEEIIE. oo s Mo e T mas weae aume SR S 2ni i SN ENes SRR e s S
[FA titers serotype I IFA tites serotype I [FA titers serotype I
214580 - F . - - .
0 _f"' - E 0 F s’
= - ® , — - £ = 4 )’
.,@O .—-*J'r ,'f P
v 16204 O o P O . 4 . e
O 7 @ ’ (o B y
> ral % s’ _2_'5 / -
e B 2 B . & S i% 1.4
5_; ,-f '&j ,"’ / % f,f’ >3
180 - O o DS o p & o - ® Jo o @8
s ) /s
H.-"' i / oy £ ’
‘5 j : . = g & B = - o © o &
< 20+ o S e o .= o o° ¥ e T 4 o® o ® o
—r . 'ff;
{20 p [] ’ A T ’ .. A 0 ‘. ’
/ . A
0 g
=1 | [ T [ I I ] ] =Je T | T o & | | 1 i -']—! T | | | 1 | T [
<20 20 180 1620 = 14580 <20 20 180 1620 = 14580 <20 20 180 1620 =14580
[FA titers serotype I IFA titers  serotype | IFA titers  serotype I

Fig. 1. Comparison of IFA antibody titers in sera from laboratory-
and non-laboratory-associated HV infections against four different
serotypes of HV. ® sera from laboratory-associated human HV
infections; O, sera from non-laboratory-associated human HV infec-
tions; B, serum pool of laboratory rats infected with serotype I (strain

HV76-118); A , serum pool of laboratory rats infected with serotype 11
(strain SR-11); O, serum from laboratory rabbit infected with serotype
[II (strain Puumala); A, serum from laboratory rabbit infected with
serotype IV (Strain Prospect Hill). Arrows: samples showing different
patterns of reactivities in IFA and ELISA.
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Fig. 2. Comparison of indirect ELISA OD,., in sera from labora-
tory- and non-laboratory-associated HV infections against four differ-
ent serotypes of HV. @, sera from laboratory-associated human HV
infections; O, sera from non-laboratory-associated human HV infec-
tions; @, serum pool of laboratory rats infected with serotype I (strain

assay. However, two of these sera indicated with arrows
in Figure 2 reacted better against serotypes I and II
than against serotype III (Fig. 2b,c,d,e). The reactivi-
ties of the rat antisera raised against serotypes I and II,
respectively, were also higher against both serotypes I
and II in this assay than against serotypes III and IV
(F1g. 2a,d,e,f). The rabbit anti-serotype III serum re-
acted specifically with serotype III antigen. (Fig.
2b,d,f). The reactivity of serum raised in rabbits
against serotype IV was only slightly higher against

serotype IV than against the other serotypes (Fig.
2d.e.f).

Reactivities of Post-Infection Sera
in CTB ELISA

To further confirm the specificities of the reactivities
measured with the human sera in IFA and indirect
ELISA with the different virus strains, a third assay
system, the CTB ELISA, which is based on a different
principle, was examined. Since discrepant values be-
tween IFA and the indirect ELISA were found with two
human sera, serotypes I and II versus serotype III (see
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HV76-118); A , serum pool of laboratory rats infected with serotype II
(strain SR-11); O, serum from laboratory rabbit infected with serotype
[IT (strain Puumala); & , serum from laboratory rabbit infected with
serotype IV (strain Prospect Hill). Arrows: samples showing different
patterns of reactivities in IFA and ELISA.

arrows 1n Figs. 1, 2), CTB ELISAs were carried out with
the human sera using serotypes II and III as antigens.
The reactivities of the antigens of the different sero-
types with the human anti-serotypes II and III IgG
preparations were first evaluated in the absence of
serum, 1n order to determine the specificities of these
IgG preparations (Fig. 3). Antigens of serotypes I and II
reacted better with the anti-serotype II IgG preparation
than the other two antigens (Fig. 3a), whereas antigen
of serotype III reacted better with the anti-type III IgG
preparation than the other antigens (Fig. 3b). Testing
of the human sera in the CTB-ELISA against serotypes
II and III showed similar results (Fig. 4) as obtained in
the indirect ELISA (Fig. 2b): sera from laboratory
assoclated human cases reacted better with serotype II
than with serotype III, whereas the reactivities of the
sera from non-laboratory associated human cases re-
acted generally better with serotype III than with
serotype II. However, the same two samples of the
non-laboratory-associated human cases, which exhib-
ited higher values against serotype II than against
serotype III in the indirect ELISA, also showed higher
titers against serotype II in the CTB ELISA.
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Fig. 3. Reactivities in ELISA of IgG prepared from sera from two individuals infected with HV serotype
[I (A) or HV serotype III (B), used as capture antibody and peroxidase conjugate with antigens of four
different HV serotypes. a—a , serotype I (strain HV76-118); &——ae, serotype II (strain SR-1I); o——=.
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Fig. 4. Comparison of CTB ELISA antibody titers of sera from
laboratory- and non-laboratory-associated human HV infections
against serotype II and serotype III, ®, laboratory-associated human
HV infections; ©, non-laboratory-associated HV infections. Arrows:
samples showing different patterns of reactivities in IFA and ELISA.

DISCUSSION

In the present study, we have evaluated different
serological methods for the retrospective identification
of HV serotypes by testing post-infection sera. For this
purpose the IFA has been the most generally used
assay. Disadvantages of this test include problems with
standardization, subjectivity of interpretation, and the
laboratory manipulations involved. Comparison of the
results of this assay with those of a recently described
indirect ELISA [Groen et al., 1989] performed with a
collection of human and animal post-infection sera
showed that the indirect ELISA gave essentially the
same results, with few exceptions. All of the laboratory-
associated human infections from the Netherlands and
Belgium could be related to infections with serotypes I
or II in both assay systems. This reconfirms the nature
of these infections [Desmyter et al., 1983; Osterhaus et
al., 1984] and also confirms the close antigenic rela-
tionship between serotypes I and II. This was also
shown by the results obtained with the rat anti-
serotypes I and II sera (Figs. 1 and 2) and by showing
that antigens of these serotypes reacted better with the
anti-serotype II IgG preparation than the other anti-
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gens (Fig. 3). In the IFA, all the non-laboratory-
assoclated human cases (n = 16) from the Netherlands
and Belgium were related to infection with serotype III.
T'his 1s consistent with earlier observations, indicating
that the HV infections in Europe are generally caused
by serotype III [Koolen et al., 1989; Tsai, 1987; Oster-
haus et al., 1989; Clement and Van der Groen, 1987].
All the human sera from laboratory- and non-labora-
tory-associated cases of HV infection showed low reac-
tivities with serotype IV in IFA and indirect ELISA.
The association with serotype III was also found when
the samples were tested in the indirect ELISA, with the
exception of sera from two cases that seemed to react
better with serotypes I and II. To further investigate
the serotype that had infected these two individuals,
the human sera were also analysed in a recently
described CTB ELISA, based on a different principle
|Groen et al., 1989]. Also in this assay the same two
samples showed a higher reactivity with serotype II
than with serotype III. Whether this discrepancy in
reactivities in IFA and ELISA of these two sera indeed
reflects differences in the serotypes of the infecting HV
must be evaluated with caution. Anamnestic evalua-
tion of their possible infection histories did not indicate
that these individuals might have acquired their HV
infection outside the Netherlands or Belgium. Also no
data about the reservoir rodent species from which they
could have acquired the HV infection are available. In
this light it 1s interesting to note that recently in
Yugoslavia a high incidence of unusually severe hu-
man HV infections has been reported [Lee and Van der
Groen, 1989; Avsic-Zupanc et al., 1989; Gligic et al.,
1988], which was apparently caused by a serotype
closely related to serotype I. Further studies are re-
quired to define the HV serotypes circulating in Europe
and to determine whether e.g. antigen fixation methods
used in different serological assay systems significantly
influence the results obtained in each of the respective

tests.
In conclusion it can be stated that non-laboratory-

associated HV infections in the Netherlands and Bel-
gium are generally caused by infection with serotype
[II and that the indirect ELISA described is a useful
tool for the serological identification of HV serotypes
using post-infection human sera. Clear advantages of
this assay over the IFA are that it can easily be
incorporated 1in automated screening systems, can be
evaluated objectively, and 1s easy to standardize.
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