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SUMMARY

An enzyme immunoassay employing recombinant Norwalk virus capsid protein
was evaluated for the measurement of IgA responses. Tests on 23 volunteers and
patients known to have been infected with Norwalk virus (NV) showed that 19
developed significant IgA responses, 2 had unchanging levels of IgA and 2 failed
to respond. There was no evidence of IgA responses to NV following infection with
Hawaii or Snow Mountain-like viruses.

Tests on sera from patients involved in outbreaks associated with eating
contaminated shellfish suggest that some patients may have been infected with
more than one strain of calicivirus. The use of the rNV EIA for measuring IgA and
IgG responses in patients involved in a major outbreak of food poisoning affecting
hospital staff indicated that the causative agent was probably NV.

INTRODUCTION

Although Norwalk virus (NV) was first recognized as a cause of extensive
outbreaks of diarrhoea and vomiting over 20 years ago [1] diagnosis of infections
was confined to a few research laboratories in the USA which had access to antigen
and sera obtained from human volunteer studies. The recent success in sequencing
the entire NV genome [2, 3] and subsequent expression of self assembling NV
capsids in baculovirus [4] has enabled enzyme immunoassays (EIA) to be
developed to measure antibody responses to NV [5]. Previous studies with human
reagents indicated that anamnestic responses to NV occurred in some individuals
infected with other strains of small round structured viruses (SRSV) [6] and
caliciviruses (HuCV) [7]. The recombinant NV enzyme immunoassay (rNVEIA)
has been shown to be highly sensitive and specific for NV [5] but slight IgG
responses to NV were demonstrated in volunteers challenged with Hawaii and
Snow Mountain agent when sera were tested at low dilutions [8]. In contrast IgA
responses only occurred in the volunteers challenged with NV [8].

The present study describes the evaluation of an rNVEIA to measure IgA
responses in volunteers challenged with NV, and its application to the study of
community outbreaks of gastroenteritis associated with SRSV and HuCV which
have occurred in the United Kingdom.
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MATERIALS AND METHODS

Norwalk virus reference sera
Volunteers. Acute and convalescent sera were obtained from 14 adult volunteers

who had been challenged with NV.
Community outbreaks. Acute and convalescent sera were available from adults

infected with NV in an oyster-associated outbreak which occurred in Australia in
1978 [9], an outbreak in a hospital in Manchester in 1979, and two outbreaks
which occurred in the USA in 1987 at the White Pine Ranch and in Philadelphia.

SRSV UK3/BARNET/86/UK. Acute and convalescent sera from two elderly
patients in a geriatric home involved in an outbreak of diarrhoea and vomiting
which occurred in 1986 [10].

SRSV/CAMBRIDGE/92/UK. Sera from adults involved in an oyster-associated
outbreak in which 50/100 participants presented with symptoms. Sequence
analysis of the RNA dependent RNA polymerase region of this strain (SRSV-
925/CAMBRIDGE/92/UK) showed more homology (88%) with Snow Mountain
agent than with NV (60%) [11].

HUCV UK2/PORTSMOUTH/80/UK. Acute and convalescent sera from five
patients aged 77-92 years infected with morphologically typical caliciviruses
during an outbreak in a residential home for the elderly [12].

HUCV UK4/COLCHESTER/82/UK. Acute and convalescent sera from adults
involved in an oyster-associated outbreak in which 10/17 patients became ill [13].

HUCV UK4/T0WER HAMLETS/83/UK. Acute and convalescent sera from
adults involved in an oyster-associated epidemic in which > 500/1700 people
attending a series of receptions became ill [14].

All the sera above had previously been tested for the presence of NV specific IgG
using a rNV El A [8].

SRSV/LONDON/88/UK. Paired sera were available from 19 medical and
nursing staff who became ill 24-48 h after attending a dinner in January 1988.
Examination of stools from affected patients revealed the presence of SRSV
(Dr H. Appleton, Central Public Health Laboratory, Colindale, UK, personal
communication). Sera had been stored at —20 °C because no diagnostic tests were
readily available at the time of the outbreak.

Recombinant EIA for Norwalk IgG
Serum samples from the outbreak caused by SRSV/London/88/UK were

tested for the presence of specific IgG using a recombinant NV protein as antigen
in an EIA as described previously [15]. Sera were tested at a dilution of 1/1000 in
antigen coated and uncoated wells of a microtitre plate. NV-specific IgG was
detected using horseradish peroxidase conjugated rabbit anti human IgG (Dako
Ltd) and TMB substrate. Samples with an OD ^ 0 1 (coated-uncoated well) were
considered to be positive.

Removal of IgG from serum using protein G
Sera were initially treated with Protein G Sepharose (Pharmacia LKB) to

remove IgG. 100 /i\ of a 1/5 dilution of serum in phosphate buffered saline (PBS)
was shaken with 200 /A of a 1/5 dilution of prewashed protein G in a sealed
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microeentrifuge tube overnight at room temperature. Each sample was then spun
at 13000 rpm in a microfuge for a period of 5 min and the supernatant removed
and stored at 4 °C until tested. The final dilution of the sera was approximately
1/15. All samples were run in the rNV IgG El A to ensure that IgG had been
removed by the protein G treatment.

Recombinant EIA for Norwalk IgA
Sera treated with protein G were further diluted in diluent buffer (1-0% Marvel

skimmed milk in PBS) to give a final dilution of 1/50 of the original serum and
100 fil aliquots were added to coated and uncoated wells and incubated at 37 °C
for 2 h. After plates had been washed three times in PBS/Tween 20, 100 fi\ of a
1/2000 dilution of horseradish peroxidase conjugated rabbit anti-human IgA
(Dako Ltd) was added to each well and incubated for 2 h at 37 °C. Plates were
washed three times as before and once in distilled water before 100 /i\ of TMB
substrate was added to each well. The reaction was stopped after 10 min by the
addition of 50 /A 2N H2SO4 and the optical densities read at A450 nm. Samples with
ODs of ^ 0-2 were considered to be positive.

Pre- and post-challenge sera from volunteers were titrated out to an end point
to investigate the relationship between OD at 450 nm and concentration of NV
IgA.

RESULTS

Volunteers
The results of tests for NV IgA responses in the 14 volunteers challenged with

Norwalk virus are shown in Table 1. Eleven of 14 volunteers showed a significant
rise in NV IgA. By plotting the OD at 450 nm of each convalescent volunteer
sample titrated to end point, a straight line relationship was observed between the
log dilution and absorbance over the OD range 0-2-1-4. A prozone effect was
observed at a dilution of 1/50 in some samples with OD > 1-4 which titrated out
to ^ 30000.

Volunteers 1, 7 and 8 who seroconverted following challenge developed
significant IgA responses. The others had evidence of IgG in their pre-challenge
sera; eight of them showed strong IgA responses. Volunteers 10 and 11 who had
high levels of pre-existing IgG (8000, ^ 64000) and pre-existing IgA and showed
no significant IgA response. Repeated tests on the sera from volunteer 13 showed
a significant IgG response but we failed to detect evidence of an IgA response.

Community outbreaks of Nonvalk virus infection
The IgA responses in 9 individuals involved in 4 outbreaks are shown in Table

2. Eight patients showed significant IgA responses, but patient 7 involved in the
White Pine Ranch outbreak developed a significant IgG response but failed to
mount an IgA response.

Outbreaks associated with other strains of SRSV/HuCV
High levels of IgG (8000-16000) and IgA (OD 0-88-0-96) were detected in paired

sera obtained from one patient involved in the Cambridge outbreak. The other
patient had unchanging levels of NV IgG (2000-2000) and showed no evidence of
an IgA response (OD 0-18-0-15).
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Table 1. IgA responses in pre and post challenge sera from adult volunteers
infected with NV

Source

Baylor USA

Mass. USA

Roch. USA

Atlanta USA

Case
1

2

3

4

5

6

7

8

9

10

11

12

13

14

Code*
505-1
505-4
555-1
555-4

MC

BE

DO

PE

FR

WE

6

GVS1731

GVS1973

VGL4349

VGL4361

VGL4367

rNV IgG
titre

< 1000
64000
2000
128000

1000
5* 64000

4000
5* 64000

1000
5* 64000

2000
5*64000
< 1000
5* 64000
< 1000

32000

4000
256000

8000
5* 64000
5* 64000
5*64000

4000
5*64000

2000
5*64000

4000
5* 64000

rNV IgA
A450nmt

002
1-04J
006
1-07J
0-73
1-31J
0-62
1-17}
0-08
134}
011
1-51J
009
1-39J
012
1-30J

0-08
1-27J

0-52
0-61
1-30
1-23
0-68
1-22J
0-08
012
0-53
0-971

rNV IgA
titrej§

< 5 0
INS

< 5 0
INS

500
5*30000

1000
15000

< 50
5*30000
< 5 0
^30000
< 5 0
5*30000
< 5 0

15000

< 5 0
5*30000

500
500
15000
4000
500
4000

< 5 0
< 5 0

250
2000

* Coded sera previously tested in NV assay [5].
t OD at 1/50 serum dilution; 5* 02, IgA positive.
% Significant rise in IgA.
§ Highest dilution with an OD of 02.

There was no evidence of an IgA response in sera obtained from patients
involved in the Barnet outbreak which was caused by a virus antigenically related
to Hawaii agent. However, both patients had evidence of unchanging levels of XV
specific IgG (32000, 4000) and IgA (OD 0-76, 0-33) in acute and convalescent
phase sera. A similar situation was found in the elderly patients involved in the
Portsmouth outbreak where all the patients were shown to have IgA in their acute
phase sera but there was no evidence of significant IgG or IgA responses following
infection.

In the Colchester outbreak the only symptomatic individual who developed an
IgG response to NV (2000-32000) also produced an IgA response (OD 0-05-0-45).
The other 3 symptomatic patients and 6 asymptomatic adults who attended the
meal had evidence of unchanging levels of IgG and IgA in sera collected
immediately after the outbreak and 10-14 days later. The highest level of IgA (OD
0-77-0-78) was detected in the patient with highest titres of NV IgG (64000-
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Table 2. IgA responses in community outbreaks of NV

147

Source
Melbourne,
Australia

Manchester, UK

White Pine, USA

Philadelphia,
USA

Case
1A

C
2A

C

3A
C

4A
C

5A
C

6A
C

7A
C

8A
C

9A
C

Code
9177

10577
9176

10584
4712

11023
10425
11024
3934

3935

3998

602

621

rNV IgG
titre
8000

256000
2000

128000
4000

64000
4000

32000
< 1000

^ 16000
< 1000

^ 16000
2000

^ 16000
1000

3= 16000
8000

> 16000

rNVIgA
A450nm*

0-28
0-87t
009
0-26t
006
0-30f
0-29
0-90+
004
0-64t
0-08
0-66t
00
005

003
0-43t
0-28
0-60t

* OD Ss 0-2 IgA positive.
t Significant rise in IgA.

64000). There was one asymptomatic individual who developed a significant IgG
response (2000-64000) but had no evidence of NV IgA in his sera (OD
0-06/0-03-0-04/0-06).

The results of tests on paired sera from symptomatic and asymptomatic
individuals in the Tower Hamlets outbreak are shown in Table 3. Six of the 8
symptomatic group showed rising levels of IgA between their acute and
convalescent phase sera and 1/6 of the asymptomatic group. There was one
symptomatic patient (Case 6) who developed a significant IgG response but failed
to develop IgA.

The results of tests for IgG and IgA responses in 19 symptomatic individuals
involved in the London outbreak are shown in Table 4. Seventeen of 19 individuals
had evidence of NV IgG and NV IgA in their initial serum samples collected
between 7 and 11 days after the meal. Significant IgG responses to NV occurred
in seven patients. Six of these patients also showed marked increases in the levels
of IgA between their first and second samples but only a trace of IgA (OD = 0-2)
could be detected in the convalescent sample obtained from the other person. No
significant increase in NV IgG or IgA levels was found in the other 12
symptomatic individuals but many of them had high levels of both classes of
antibody in their sera.

DISCUSSION

The demonstration of serum IgA responses in adult volunteers challenged with
NV was in agreement with the results of Erdman and colleagues [16] who used
antigen from volunteers and Treanor and colleagues [8] who used rNV capsid
antigen and confirms the validity of our assay. However, in contrast to the results
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Table 3. IgA responses in the HuCV/UK4/TH/83 outbreak

Case Code
Symptomatic group

1A
C

2A
C
3A
C

4A
C

5A
C
6A
C
7A
C

8A
C

1206
2459
1316
1914
1204
1908
1506
2198
1504
2197
1209
2018
1213
1915
1503
2196

Asymptomatic group
9A

C
10A

C
11A

C
12A

C
13 A

C
14A

C

1499
2193
1265
1927
1260
1930
1259
1918
1269
1925
1313
1913

rNV IgG
titre

< 1000
1000
2000
32000
4000
8000
1000
8000
1000
4000
4000

128000
32000
256000
4000
16000

1000
< 1000
1000

< 1000
8000
8000

< 1000
< 1000
8000

16000
2000
4000

rNV IgA
A45Onm*

013
0-45+
010
0-6 I t
0-31
0-69t
003
0-49t
0-23
0-38f
0-31
0-38
0-34
0-5 I t
0-00
015

0-05
004
005
002
0-40
0-38
011
004
0-28
0-51 +
0-30
0-27

* OD ̂  0-2 IgA positive,
t Significant rise in IgA.

of Treanor and colleagues [8] we found one volunteer who mounted a significant
IgG response but IgA could not be detected in pre-challenge or post-challenge
sera. A similar situation was observed in one patient involved in a community
outbreak of NV in the USA and one patient in the Tower Hamlets outbreak. This
indicates that not all patients infected with NV produce detectable levels of IgA
in their sera.

The study of patients infected with Hawaii-like and Snow Mountain-like agents
and HuCV strain UK2 demonstrated that there was no anamnestic IgA response
when challenged with strains antigenically distinct from NV although the
majority had evidence of pre-existing NV specific IgA in their acute phase sera.
Similar observations have recently been reported by Treanor and colleagues [8] in
volunteers challenged with Snow Mountain or Hawaii agents.

The results of tests on patients involved in outbreaks associated with
consumption of shellfish were less clear cut. In the Colchester outbreak which was
associated with HuCV(UK4) the one symptomatic patient who developed a
significant IgG response also developed an IgA response. However an asympto-
matic individual who had a significant IgG response showed no evidence of IgA in
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Table 4. IgG and IgA responses in the SRSV/LONDON/88/UK outbreak

Code

1A
C

6A
C

7A
C

8A
C

10A
C

12A
C

23A
C

3A
C

4A
C

21A
C

5A
C

11A
C

15A
C

17A
C

18A
C

19A
C

22A
C

24A
C

13A
C

Days post
challenge

7
18

7
24

8
32

8
18

12
16

8
18

8
15

8
22

7
18

8
18

11
18

11
24

7
25

7
23
11
23

10
24

8
21

11
22

7
18

* OD 3= 0-2 I
t Significant

rNV IgG
titre

2000
128000

4000
64000

1000
4000

1000
4000

8000
32000

8000
32000

8000
64000

128000
64000

4000
8000

4000
8000

32000
32000

64000
64000

32000
32000

4000
8000

16000
16000

128000
128000

4000
4000

32000
64000

< 1000
< 1000

gA positive.
rise in IgA.

rNV IgA
A450nm*

0-35
0-94t
014
0-82t
012
0-20

0-41
0-91f
014
0-32f
0-42
0-73f
0-55
112t
0-71
0-85

006
013

0-78
0-90

0-91
0-85

0-81
0-52

0-74
0-53

0-26
0-44

0-59
0-44

0-54
0-47

0-18
016

0-75
0-67

003
003

her sera. In view of the results obtained from the volunteer studies the results are
highly suggestive of dual infection with HuCV(UK4) and NV. A similar situation
was observed in the Tower Hamlets outbreak in which the majority of
symptomatic patients developed responses to both viruses. A point of interest is
that two individuals who showed no significant IgG response when tested by RIA
and rXV El A [5] showed a significant IgA response. One of these patients who
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displayed symptoms was shown to be excreting HuCV UK4 [14]. Recently Monroe
and colleagues [17] have reported a similarly complex pattern of IgA and IgG
responses to NV in patients involved in the outbreaks in the USA.

In the London outbreak, 7/19 symptomatic individuals developed significant
IgG and IgA responses which enabled the causative agent to be diagnosed as NV.
The majority of the other patients had high levels of IgG and IgA in samples
collected approximately 1 week after the onset of symptoms and 10 days later.
The delay in collecting the initial serum samples makes it impossible to be certain
whether the other 12 people developed a response to NV or not. The measurement
of IgA responses to NV provides a useful confirmatory test to the rNV IgG EIA
in diagnosing NV infections and in differentiating between outbreaks caused by
other caliciviruses.

The presence of pre-existing IgG and IgA in many patients makes it essential
that paired samples are collected which often proves impossible to achieve. An
alternative approach to diagnosis is reverse transcription PCR for detection of
antigen in faeces but initial results show there is considerable genomic variation
within the human caliciviruses, even within the conserved RNA polymerase
region of 0RF1 [11, 18].
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