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Summary 

Four influenza A challenge studies were performed over a period of three years 
using the same dose of one virus pool. The first three studies were conducted two 
influenza seasons apart from the last study. In all four studies only subjects with 
screening hemagglutination inhibition (HAl) antibody titers ~< 1:8 in sera were ac- 
cepted as study subjects. The rate of infection after influenza challenge was 96% 
(25 of 26) in the first three studies, and only 73% (8 of 11) in the last study (P 
<0.04). The rate of influenza illness in the first three studies was 62% (16 of 26), 
and only 9% (1 of 11) in the last study (all subjects: P = 0.003; infected subjects: 
P = 0.01). Even though screening HAI titers were comparable between groups, 
prechallenge serum influenza-specific IgG titers correlated inversely with respira- 
tory symptoms (P = 0.04). Prechallenge nasal wash influenza-specific IgA titers 
were lower in subjects who developed influenza illness (P = 0.03). Prechallenge 
influenza-specific nasal wash ELISA-IgA titers and serum ELISA-IgG titers pre- 
dicted influenza severity in patients prescreened by HA1 during influenza chal- 
lenge studies. 

Influenza; Nasal IgA 

Introduction 

The relative contribution of local and systemic immunity to influenza virus in- 
fection has not been clearly defined in humans. Couch et al. (1981) reported that 
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serum IgG levels to influenza correlated best with resistance to challenge in human 
volunteer studies. Local neutralizing antibody in the absence of detectable serum 
antibody has been associated with resistance to influenza infection and illness 
(Murphy et al., 1973). The contribution of serum antibody alone in humans has 
been inferred from studies correlating resistance to influenza A illness with the level 
of maternally transferred antibody in newborns (Puck et al., 1980). Studies in an- 
imals suggest that serum antibody protects the lower airway against influenza 
pneumonitis but not infection (Ramphal et al., 1979; Waldman et al., 1973) and 
that local antibody protects the upper respiratory tract against infection (Barber 
et al., 1978; Kris et al., 1985). We compared the ability of influenza-specific serum 
IgG and nasal wash IgA to predict the incidence and severity of respiratory and 
systemic influenza disease in subjects screened for low HAl antibody and chal- 
lenged with the same strain of influenza A in four separate challenge studies per- 
formed over three years. 

Materials and Methods 

Study populations 

Subjects selected for all four studies were between 18 and 40 years of age and 
in good health as assessed by a physician and by blood counts and clinical chem- 
istries. Subjects exhibiting a history of any clinically significant disease were ex- 
cluded from participation (Reuman et al., 1988). Written informed consent was 
obtained from all participants. Subjects were admitted only with a screening serum 
HAI antibody titer to the challenge virus of ~< 1:8. Use of any medication during 
these studies was not allowed. 

A total of 26 subjects were challenged with influenza in the first three studies 
conducted from 20 July 1986 to 15 August 1986, from 29 September 1986 to 30 
October 1986 and from 10 November 1986 to 8 December 1986. In the last study, 
conducted from 16 May 1988 to 13 June 1988, 11 subjects were challenged. 

Study design 

For each of the four studies, subjects were selected as outlined above (exami- 
nation and screening HAI titers <~ 1:8) and were sequestered for at least one day 
prior to influenza challenge to obtain baseline data and repeat prechallenge ser- 
ology. During each nine days of isolation, vital signs were obtained every four to 
six hours and clinical evaluations were performed twice daily. The same physician 
performed clinical evaluations in all four studies. During isolation nasal washes were 
performed once daily for the first two studies and three times daily for the second 
two studies. Once discharged from isolation, subjects were examined as outpa- 
tients at 14 days and 28 days after challenge. At each of the follow-up examina- 
tions, nasal lavage was performed and at day 28 a blood sample was obtained for 
serology. HAI titers for study analysis and correlations were performed on pre- 
challenge and not on the screening serology. 
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The same virus pool of influenza A/Bethesda/1/85 (H3N2) (provided by Dr Carol 
Heilman (NIH)) was used for challenge in all four studies. This virus pool was in- 
itially cultured four times in primary chicken kidney cells and then twice in egg 
allantoic fluid. Subjects received 0.25 ml per nostril of 1071 50% tissue culture in- 
fectious doses (TCIDs0) of virus. The virus aliquot used for challenge was titered 
on the day of administration (107.5 -+0.5 TCIDs0). These titers showed no significant 
variation from the original titer. 

Symptoms were assessed twice daily during isolation and scored as present (score: 
1) or absent (score: 0). Respiratory symptoms were calculated by adding the in- 
dividual scores for rhinitis, pharyngitis and cough. Systemic symptoms were cal- 
culated by adding the individual scores for fever (~> 100°F), myalgia and chills and 
sweats. A study subject was considered to have illness if fever (/> 100°F) and two 
of these influenza symptoms were present at a single evaluation and the challenge 
influenza A virus strain was isolated. All fevers were confirmed within 1 h and all 
symptoms of influenza had to be present on two successive clinical evaluations. 

Laboratory procedures 

Viral titers 
Nasal wash specimens were inoculated onto MDCK continuous cell line and 

hemadsorbed with guinea pig erythrocytes at 3 to 4, 10 and 14 days post-inocu- 
lation for detection of influenza virus (Palmer et al., 1975). One hemadsorption 
positive specimen from each patient was confirmed as influenza A by IFA accord- 
ing to the protocol of the Influenza Branch of the Centers for Disease Control, 
Atlanta, Georgia. End point titrations of positive specimens were performed on 
MDCK cells as previously described (Hsiung et al., 1982; Linnette, 1980; Monto 
et al., 1979). 

Hernagglutination inhibition 
Sera for antibody were evaluated using a standard hemagglutination inhibition 

(HA1) assay (Palmer et al., 1975) and were assayed against the challenge strain of 
influenza A/Bethesda/1/85 (H3N2). Statistical comparisons of titers were made by 
comparing log transformations of titers, Titers of < 1:8 were treated as 1:4 for sta- 
tistical calculations. 

ELISA influenza-specific Ig 
Enzyme-linked immunosorbent assays (ELISA) were performed using partially 

purified influenza A/Bethesda/1/85 (H3N2) prepared as previously published 
(Reuman et al., 1989a). Quantitative determination of influenza-specific IgG and 
IgA was determined by a previously published ELISA method (Reuman et al., 
1989a). Each unknown sample and reference standard were diluted in a manner 
to assure the generation of a sigmoidal curve that passed through an optical den- 
sity of 0.9 for serum IgG and 0.6 for nasal wash IgA. The ELISA titer of each 
unknown sample was obtained from this point and expressed as the log of the re- 
ciprocal dilution at this point. Values obtained in this manner for the reference 
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standards were used to adjust sample values for plate to plate variability. The 
background optical density reading of the ELISA sandwich when all components 
were used except serum or nasal wash was always below 0.1. Background values 
were subtracted from plate readings. Statistical comparisons of sample ELISA ti- 
ters were made by comparing values expressed as log of reciprocal dilution. One 
infected subject from the first three studies had a nasal wash antibody titer less 
than three standard deviations below the mean titer for all challenged subjects. This 
subject 's nasal wash titers were deleted from our analysis. 

Statistics 
Statistical comparisons were performed using MICROSTAT (ECOSOFT.  Inc., 

Indianapolis, Indiana). Between group comparisons were done using one way 
analysis of variance (ANOVA)  for continuous variables and chi squared test for 
discrete variables. Correlations were assessed by regression analysis. Significant 
differences were accepted at the 0.05 level. 

Results 

Comparisons between studies 

Demographic features: No significant differences between the first three studies 
and the last study were found for sex, age, height, weight, medical history, ab- 
normal physical findings or screening HAI  on entry into the study. 

Rates of infection and illness: The first three studies were conducted two years 
(two influenza seasons) prior to the last study. The rate of infection in the first three 
studies was 96% (25 of 26 subjects) and in the last study only 73% (8 of 11 sub- 
jects) (P = 0.036). Infected subjects had a peak viral titer (first three: 4.7 +- 1.6; 
last: 3.7 -+ 1.6 PFU/ml) and duration of viral shedding (first three: 6.1 -+ 2.0; last: 
4.9 +- 2.0 days) that did not differ between the two groups of studies (P = 0.12 
and 0.15 respectively). Control subjects (with high HAI  titers) were not infected. 
The rate of influenza illness in the first three studies was 62% (16 of 26 subjects), 
and in the last study, 9% (one of 11 subjects) (all subjects: P = 0.003; infected 
subjects: P = 0.01). Illness was found only in infected subjects and began an av- 
erage of 1.7 days after challenge. 

TABLE 1 

Comparison of prechaUenge serum and nasal wash antibody titers between the first three studies com- 
pleted in 1986 and the fourth study completed in 1988 (log10 means and standard deviations) 

Study No. Serum ELISA-IgG Nasal wash ELISA-IgA 

1, 2 and 3 26 3.36 ± 0.45 0.44 ± 0.30 
4 11 3.28 ± 0.12 0.71 ± 0.26 
P value 0.55 0.02 
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TABLE 2 

Comparison of prechallenge serum and nasal wash antibody titers between infected subjects who were 
ill and not ill with influenza A (logx0 means and standard deviations) 

Diagnosis No. Serum ELISA-IgG Nasal wash ELISA-IgA 

IU 17 3.36 -+ 0.53 0.41 + 0.29 

Not ill 20 3.30 - 0.20 0.66 _ 0.33 

P va lue  0.68 0.03 

Effect of prechallenge antibody titers 
Prechallenge antibody titers were compared for differences between studies. 

Subjects admitted to all four studies had screening HAI titers ~< 1:8 four weeks 
prior to challenge but prechallenge HAI serology revealed a proportion of subjects 
with HAI titers > 1:8. In the first three studies 8 of 26 subjects had HAI titers > 
1:8 and in the last study 2 of 11 subjects had prechallenge HA1 titers > 1:8 (P = 
0.43). 

Comparisons between prechallenge antibody titers of the three different anti- 
body assays revealed a significant correlation (P = 0.002) between the two serum 
titers (HAI and ELISA-IgG) but no correlation between either serum assay and 
nasal wash titers. Although serum antibody screening methods led to the partici- 
pation of subjects who had comparable serum influenza-specific IgG levels, nasal 
wash influenza-specific IgA levels (Table 1) were significantly higher in the last study 
(P = 0.02). 

The significant difference in nasal wash influenza-specific IgA levels found be- 
tween the first three studies and the last study, where infection and illness were 
significantly less common was notable. Because of this we examined the relation- 
ship between prechallenge antibody titers and virologic and clinical parameters of 
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Fig. 1. Serum ELISA-IgG and nasal wash ELISA-IgA titers of study subjects. Data from the first 
three study groups are represented by open circles and data for the last study group are represented 

by closed circles. 



108 

influenza infection in all 37 inoculated subjects. No significant differences were 
found in prechallenge antibody titers between infected and uninfected subjects. This 
was not surprising considering that only four of 37 subjects were not infected. We 
then evaluated the effect of prechallenge antibody on influenza illness (Table 2 and 
Figure 1). There were no significant differences in mean prechallenge serum influ- 
enza-specific IgG titers between the 17 subjects who became ill and the 20 subjects 
who did not become ill (P = 0.68). However, mean prechallenge nasal wash in- 
fluenza-specific IgA antibody titers were significantly higher in subjects who were 
not ill (P = 0.03). The geometric mean IgA titers of infected not-ill subjects was 
similar for the two groups of studies (first three studies: 0.52 +- 0.32; last study: 
0.82 --- 0.26; P = 0.08). 

When analyzed by regression, there was a significant negative correlation be- 
tween prechallenge, influenza-specific serum IgG and respiratory symptom scores 
(P = 0.04). There were no significant correlations between prechallenge nasal wash 
antibody titers and symptom scores. Correlations between antibody titers and vi- 
rus shedding were not significant (duration of virus shedding: nasal wash IgA: P 
= 0.09; serum IgG: P = 0.89; peak virus: nasal wash IgA: P = 0.50; serum IgG: 
P = 0.64). 

Discussion 

Significant differences were found in rates of infection and illness between in- 
fluenza challenge studies. These differences were not attributable to differences in 
dose or strain of challenge virus, to differences in demographic factors or to dif- 
ferences in screening HAI serum antibody titers. The first 3 studies were con- 
ducted two influenza seasons apart from the last study. During the 1986-87 sea- 
son, influenza A (H1N1) viruses similar to A/Taiwan/1/86 (H1N1) accounted for 
99.3% of isolates (Morbid. Mortal. Weekly Rep., August 12, 1988). During the 
1987-88 season, influenza A (H3N2) similar to A/Sichuan/2/87 and Shanghai/ll/87 
accounted for 75% of isolates and 8% were similar to influenza A/Taiwan/1/86 
(H1N1) (Morbid. Mortal. Weekly Rep., August 19, 1988). It is probable that the 
circulation of H3N2 strains decreased the pool of susceptible subjects while the 
circulation of H1N1 strains might have boosted heterotypic immunity in the inter- 
vening two years. 

Serum influenza-specific IgG titers were found to correlate inversely with res- 
piratory symptoms. Subjects with high prechallenge influenza-specific IgG titers in 
their serum had fewer respiratory symptoms after influenza challenge. This was a 
surprising finding since all subjects entering these four studies were screened for 
HAI ~< 1:8 before admission and were found to have prechallenge ELISA-IgG ti- 
ters on admission that were comparable between studies. This suggests that ELISA- 
IgG specific for the challenge influenza A strain has sufficient variability even in 
subjects with low to absent strain specific HAI titers to be useful in screening to 
select subjects susceptible to more severe respiratory disease. The association of a 
high serum influenza-specific IgG antibody titer with less respiratory symptoms is 



109 

consistent with the findings of others (Ramphal et al., 1979; Francis et al., 1943; 
Potter et al., 1979; Clements et al., 1986). 

Nasal wash influenza-specific IgA titers were significantly higher in the last study 
when fewer subjects became infected or ill following influenza challenge. This sug- 
gested that the presence of nasal influenza-specific IgA might be responsible for 
less severe influenza disease. Pre-chaUenge influenza-specific ELISA-IgA titers were 
tested for their effect on influenza infection and illness over all four studies. High 
screening nasal wash IgA titers were significantly associated with less influenza ill- 
ness. Local antibody has been shown by others to be associated with resistance to 
infection and illness (Murphy et al., 1978) and is important in protecting the upper 
airway (Barber et al., 1978; Clements et al., 1986). This report cannot directly 
compare the ability of serum and nasal wash antibody assays to detect susceptible 
subjects. Subjects entering these four studies were excluded by screening only for 
serum HAI .  However,  when influenza-specific IgA titers performed on prechal- 
lenge nasal wash specimens from subjects already screened for H A I  ~< 1:8 were 
low, they appeared to select for subjects who became ill after challenge. There- 
fore, we suggest that measurement of influenza-specific IgA antibody in nasal wash 
might aid in the selection of susceptible subjects for challenge studies. Subjects se- 
lected with low titers should be more likely to develop influenza illness on chal- 
lenge. 
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