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Decline in parainfluenzavirus specific
antibody avidity preceding common

cold during isolation at the South Pole
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Two episodes of common colds were observed among 22
healthy human subjects isolated for 8.5 months at South Pole
Station during 1978 (Muchmore et al. 1979). These episodes
occurred after 10 and 22 weeks of complete social isolation.
Parainfluenzavirus types 1 and 3 were recovered from both
symptomatic and asymptomatic subjects by inoculation of
throat-swab specimens into cell cultures maintained at South
Pole Station throughout the winter. Fourfold changes in anti-
body levels, as measured by hemagglutination inhibition (HI)
assay, were detected in both symptomatic and asymptomatic
subjects indicating the presence of both clinical and subclinical
parainfluenzavirus-related infections within this community
during isolation. These observations raise questions as to the
nature of parainfluenzavirus persistence and the possible pro-
tective role of antiviral antibodies in this community. HI assays
which measure the quantity of virus specific antibody in serum
are traditionally used as indicators of susceptibility to para-
influenzavirus infections. However, the human adult normally
possesses preexisting levels of HI antibody to para-
influenzaviruses, and frequently the relationship between sus-
ceptibility to infection and HI antibody titers cannot be
established.

In the work reported here, we have attempted to show that
quantitative changes in the virus-specific antibody binding
(antibody avidity) can be measured, and that this antibody
avidity may be useful as an indicator of susceptibility to infec-
tion in man.

Nineteen of the 22 subjects wintering at South Pole Station
during the 1978 winter season volunteered to participate in this
study. Serum specimens were collected routinely throughout
the year beginning in September 1977 and subsequently in
November 1977, and January, March, July, October, and
November 1978. Antibody avidity to parainfluenzavirus type 3
was measured using a solid-phase radioimmunoassay (RIA).
From this assay both the total and virus-specific antibody bound
to parainfluenzavirus type 3 antigen can be determined. A plot
of the ratio of bound/free antibody versus bound antibody
yields a straight line graph, and the slope of this curve (- K) is
termed the "avidity constant in liters per mole (Lm- 1 )." HI

assays were carried out using standard methods. (Lennette and
Schmidt 1979). Statistical analysis of these results was limited to
the Wilcoxon-Mann-Whitney rank sum test because the RIA
data are not yet available on all subjects for all time periods.

Geometric mean HI titers and avidity constants were calcu-
lated for each time period, and computer curve fitting programs
(Apple II, Interactive Software Inc.) were employed to obtain
the curves shown in the figure. High levels of HI antibody and
high virus-specific antibody avidities were measured in serum
from this population during the austral summer, stimulated by
the outbreaks of parainfluenzavirus-related common colds
which predominate in both McMurdo and South Pole Stations
during October and November each year (Parkinson 1979 et al).
Fewer colds occurred at South Pole Station during January and
February 1978, and this decrease is accompanied by a sharp
decline in both HI and antibody avidity levels in this population.
Low mean virus-specific antibody avidity was demonstrated in
this population coinciding with both the midwinter outbreaks
of common colds which occurred among 8 out of 22 subjects in
April 1978 after 10 weeks isolation, and also in August 1978 after
27 weeks of isolation. In the latter episode, only one symp-
tomatic subject was observed. The subsequent increase in anti-
body avidity after each of these episodes of illness may be
attributed to the presence of clinical and subclinical infections
within this captive group. Statistically, differences below the 10
percent confidence level were demonstrated between avidity
constants measured in January and March (7.3 x 107LM-' to 3.3
>< 107LM 1 ; p<O.l), between January and July (7.3 X 107 LM-1to
2.2 x 107LM 1; p<0.07), and between July and November (2.2
X 107 LM-1 to 4.8 x 107LM 1; p<0.08). Results of the con-
ventional serologic tests (i.e., the mean HI titers measured in
this population appeared to decrease with time during this
study, but these changes were not fourfold and are not consid-
ered statistically significant).
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Paralnfluenzavirus type 3 geometric mean hemagglutination inhibi-
tion (HI) titers and antibody avidity constants (K) of sequential sera
collected from winter subjects at South Pole Station during 1977 and
1978.
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These quantitative decreases in the antibody avidity levels,
and subsequent common-cold outbreaks suggest that when the
antibody avidity level for the whole group falls below a certain
threshold level, virus carriers previously dormant might then
become active as the source of new clinical and subclinical
infections within this closed community. This study suggests
that high serum antibody avidity is important in maintaining
immunological resistance to respiratory parainfluenzavirus in-
fections in man.
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According to widely accepted scientific theory, persons in
polar communities emerging from isolation have enhanced sus-
ceptibility to and greater severity of respiratory disease when
compared with persons in normal communities. (Holmes et al.
1976; Jawetz, Melnick, and Adelberg 1982; Paul and Freese 1933.)
Although provocative, the studies supporting this theory are
few in number and have methodological limitations such as
failure to use same time and place controls, failure to use con-
trols at all, or small numbers of persons studied.

We had the unique opportunity to test this enhanced suscep-
tibility theory in a common-cold study at McMurdo Station,
Antarctica, comparing 191 winter personnel emerging from ap-
proximately 6 months isolation to 408 newly arrived summer
personnel controls. The winter and summer personnel North
American and New Zealand men of similar age and ethnicity
who lived and worked together in the closed McMurdo com-
munity during the WINFLY (winter-fly-in) period, between late
August and early October in 1975, 1976, and 1977.

Colds were defined as any symptomatic respiratory illness
lasting 2 days or longer. In addition, all colds were classified as
incoming colds (developing in summer personnel on or within 4
days of McMurdo arrival), indigenous colds (developing in winter
pesonnel within 4 days of the first arriving WINFLY flight), and

antarctic colds (developing 5 or more days after McMurdo arrival
for summer personnel or 5 or more days after the arrival of the
first WINFLY flight for winter personnel).

Colds were assessed for severity, duration, and epi-
demiologic characteristics. Using a quantitative symptom ques-
tionnaire (D'Alessio et at. 1976) a total daily symptom severity
score was obtained and cold duration was noted. Daily inci-
dence (new illness) and prevalence (total illness) curves for all
colds were plotted (figures 1 and 2). antarctic cold incidence and
period prevalence during WINFLY were calculated (table). Period
prevalence is expressed as a rate and reflects all cases that
occurred during the WINFLY period. Period prevalence was cal-
culated for winter personnel from the sum of indigenous colds
plus winter personnel antarctic colds and for summer personnel
from the sum of incoming colds plus summer personnel antarctic
colds.

The results of our study failed to show meaningful dif-
ferences in respiratory illness parameters between the winter
and the summer personnel. The two groups were similar (table)
in daily mean symptom severity scores (p = 0.51), in mean max-
imum symptom severity scores (p=O.98), and in illness dura -
tion (p =0.98). Daily incidence curves for all new colds by year
(figure 1) and for colds in winter personnel only by year (figure
2) failed to show evidence of epidemic patterns, remaining
nearly flat throughout WINFLY. The antarctic cold incidence rates
for winter and summer personnel were not significantly dif-
ferent in 1975 (x2=0.3, p>0.2) or 1977 (x2 =0.7, p>0.2). Al-
though the antarctic cold incidence rate was slightly higher for
winter personnel in 1976 (x2 6.3, p<0. O25), the accompanying
period prevalence rates for the 1976 winter and summer person-
nel were similar (x2 =0.1, p>0.2). One would expect a lower
summer personnel antarctic cold incidence in 1976 because 33
percent of summer personnel entered McMurdo with incoming
colds (contrasted to only 8 percent of winter personnel found to
have indigenous colds) thereby eliminating these ill persons as
susceptibles and leaving them at least partially immune to rein-
fection during the remainder of WINFLY. The period prevalence
was also similar between groups in 1977 (x 2 =0.8, p>0.2) but
significantly higher in summer personnel in 1975 (x 2 = 10.35,
p<0.01), which is the reverse of what would be expected if
winter personnel had increased susceptibility.

In conclusion, the widely held assumption that isolated per-
sons become more susceptible to and develop greater severity
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