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Previous reports have established that swine in the midwestern states of the USA have
a high incidence ofclassical swine influenza and that swine become infected with Hong Kong-
like influenza viruses when these are prevalent in the human population. This investigation
was undertaken to estimate, on the basis of 2245 sera collected randomly from swine going
to slaughter in the USA during the summer months of 1974, how many of the animals had
haemagglutination-inhibiting (HI) antibodies against swine influenza and Hong Kong
influenza viruses. Based on HI titres of 20 or greater, our serological survey revealed that
swine influenza virus infection was widespread throughout the USA, since 20.45% of the
sera tested had positive HI titres. However, serological evidence of infection of swine with
Hong Kong-like viruses was present in only 2.63% ofthe sera tested.

Every state in the USA has a population of swine,
but the greatest concentrations of swine are in the
midwestern states (16). The fact that classical swine
influenza is widespread throughout the latter
area is well established (2, 8, 9, 14, 18, 19).
The fact that human influenza virus can be

transmitted to swine was clearly demonstrated
by Kundin (5), by the isolation of influenza viruses
from swine in China (Province of Taiwan) from
December 1969 to the end of February 1970.
These viruses were identical serologically with the
human A/Hong Kong/1/68 virus. Although evidence
of antibodies in swine sera against Hong Kong-like
influenza virus was not reported before 1968,
reports from several countries since that time
indicate that there has been widespread infection
of swine with influenza virus strains indistinguishable
from the A/Hong Kong/1/68 strain (1, 4, 6, 7,
10-13, 15, 17).
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The purposes of our investigation were to obtain
sera from swine going to slaughter in the 48 con-
tiguous states of the USA by computerized random
sampling, so as to determine the presence and
incidence of hamagglutination-inhibiting (HI) anti-
bodies in the sera against swine influenza virus and,
by the same method, to determine whether Hong
Kong influenza virus had become endemic in
swine in the USA.

MATERIALS AND METHODS

Statistical selection of swine sera
The sera used in the present study were obtained

at swine slaughterhouses subject to federal meat
inspection. The samples were randomly selected (3),
the probability of selection being based on the
known rate of slaughter at each establishment.
When more than one sample was to be collected
on a given day at an establishment, the collection
times during the day were randomized. The selection
and collection of sera were randomized by computer
and requests for sera were made. On 1 June 1974,
96% of market swine on farms in the USA were
under 6 months of age (16). In view of this age
distribution and the sampling technique used, it
seemed logical to assume that most of the serum
samples to be collected would come from younger
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pigs. Sera were collected during the 3-month survey
period I June-31 August 1974. The sera of 2245
swine were received for this investigation.

Treatment ofswine sera

The sera were adsorbed with an equal volume of
50% chicken erythrocytes at 4°C for 30 min. The
adsorbed supematant sera were then treated with
receptor-destroying enzyme (RDE, Vibrio cholerae
filtrate produced by Microbiological Associates,
Bethesda, MD) as recommended by the Biological
Reagents Section, Laboratory Division, Center for
Disease Control, Atlanta, GA.

Influenza viruses
Strain A/Swine/1976/31 [(Hsw1N1), A/Sw] was

obtained from the Research Reference Reagents
Branch, National Institutes of Health, Bethesda,
MD. Strain A/Hong Kong/1/68 [(H3N2, inhibitor
resistant strain), A/HK)] was obtained from Dr
B. C. Easterday, Department of Veterinary Science,
University of Wisconsin, Madison, WI. Both
viruses were propagated in the allantoic cavity of
10-day-old embryonated chicken eggs at 35°C,
and HI tests were carried out with viral antigen
from a single pool of each strain.

Haemagglutination-inhibition tests

The Microtiter equipment (Cooke Engineering
Co., Alexandria, VA) and 4 haemagglutinating
units of virus were used for these tests. Sera were
diluted in phosphate-buffered saline (pH 7.4) in
duplicate (1 set for each virus) from 10 to 1280
inclusive, mixed with virus, and incubated at
22'C for 1 h. The chicken erythrocytes used through-
out the testing were derived from the same 5 adult
white leghorn cockerels. The 5 blood samples were
pooled, washed 3 times in phosphate-buffered saline,
and made into 0.5% suspensions for use in HI tests.

Virus-neutralization (VN) tests

Eight sera with HI titres of 10 and 2 sera with no
detectable HI titre against A/HK virus were chosen
at random and run in VN tests with A/HK virus
to determine whether there was a correlation
between the low HI titres and the ability of such
sera to neutralize A/HK virus. Sera were inactivated
by heat at 56°C for 30 min before decimal dilutions
of 10-1 to 10-3 were made. Serum dilutions were
incubated for 1 h with 100 EID50 of A/HK virus
before serum-virus mixtures were inoculated into
embryonated eggs.

RESULTS

The incidence of HI antibody against A/Sw virus
in swine sera is presented in Table 1. Sera were
encountered that had HI titres throughout the range
of serum dilutions tested, i.e., 1:10 to 1:1280.
The incidence of HI antibody against A/HK

virus in the sera is presented in Table 2. Sera were
encountered that had HI titres ranging from 1:10
to 1: 640, but the incidence was the greatest in the
lower serum dilutions. None of the 8 sera tested
inVN tests that had HI titres of 10 hadVN antibodies

Table 1. Haemagglutination-inhibition (HI) of A/Swine/
1976/31 (Hswl N1) virus by 2245 sera obtained
randomly from swine processed in the USA

Reciprocal Sera tested
HI titres No. % of total

<10 1711 76.2

10 75 3.3

20 92 4.1

40 91 4.1

80 95 4.2

160 71 3.2

320 40 1.8

640 23 1.0

1 280 47 2.1

Table 2. Haemagglutination-inhibition (HI) of A/Hong
Kong/1/68 (H3N2) virus by 2245 sera obtained
randomly from swine processed in the USA

Reciprocal Sera tested
HI titres No. % of total

< 10 1 893 84.3

10 293 13.0

20 41 1.8

40 6 0.3

80 7 0.3

160 2 0.1

320 2 0.1

640 1 0.05
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Table 3. Swine population by state on 1 December 1974, and incidence of swine sera with haemagglutination-
inhibiting (HI) activity against A/Swine/i 976/31 (Hswl N1) and A/Hong Kong/1/68 (H3N2) viruses

Swine No. of sera Swine No. of sera

State population with HI activity a against: State population with HI activity a against:
thousands) A/Swine/ A/Hong Kong/ (in A/Swine/ A/Hong Kon/thousnds)

1976/31 1/68 thousands) A97/3wne A/HogKog

Alabama

Arizona

Arkansas

California

Colorado

Connecticut

Delaware

Florida

Georgia

Idaho

Illinois

Indiana

Iowa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

950

99

270

124

280

6.5

50

292

1590

110

6500

4300

13400

1750

1100

175

7.0

223

54

715

3700

456

3900

190

4

0

12

2

NS b

NS

NS

3

NS

54

12

171

10

5

0

NS

0

NS

20

18

1

8

0

0

0

1

I

0

NS

NS

NS

0

NS

6

4

16

3

0

0

NS

0

NS

3

5

2

3

0

Nebraska

Nevada

New Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

3050

10

8.7

95

66

102

1890

322

1950

310

95

633

8.8

610

1700

780

940

41

3.2

575

75

55

1400

39

26

NS

NS

I

1

9

0

15

2

10

NS

0

21

14

6

NS

NS

18

4

NS

9

NS

1

NS

NS

I

0

0

4

0

1
0

0

0

NS

0

1

0

NS

NS

3

0

NS

3

NS

a Number of sera with HI titres of 1:20 or above. An entry for a given state indicates that the serum sample(s) was (were) collected at
a federally inspected slaughterhouse. The state In which a serum sample was collected is not necessarily that in which a pig was raised. For
example, many Florida swine are processed in Georgia. " NS" Indicates that some swine native to these states were processed in neigh-
bouring states.

b No serum was received from a slaughterhouse in this state.

for A/HK virus. Sera with HI titres ranging from
20 to 640 against A/HK viral antigen were obtained
from slaughterhouses throughout the USA. These
establishments receive some swine from states
other than those in which they are located.

Table 3 presents information regarding swine
population densities in the 48 contiguous states of
the USA and the number of sera with HI titres of

1:20 or above, identified with the states in which
the sera were collected.
The incidence of HI antibodies in swine sera

tested with A/Sw and A/HK viral antigens is
summarized in Table 4, and an estimate of the
range of the true incidence of reactors (HI titres
of 20 or greater) in the swine population at the 95%
confidence interval (3) is presented.
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Table 4. Summary of incidence of haemagglutination-
inhibiting (HI) antibodies of 2245 randomly obtained
swine sera against A/Swine/1976/31 (HswlNl) and
A/Hong Kong/1/68 (H3N2) viruses

H activity against:
Swine sera A/Swine/ A/Hong Kong/

1976/31 1/68

No. of positive sera with HI titres
of 20 or greater 459 59

% of sera positive 20.45 2.63

Estimate of range of true inci-
dence in the swine population
(USA), 95 % confidence
interval 18.75-22.15 1.95-3.31

DISCUSSION

The availability of sera collected randomly from
swine going to slaughter in the 48 contiguous
states during the summer months of 1974 afforded
a unique opportunity to estimate HI antibody in

sera against swine influenza and Hong Kong
influenza viruses.
The results of this investigation indicate that the

virus of swine influenza is widespread in swine
throughout the USA. It thus appears that swine
influenza virus infection occurs in all locations in
the USA where swine are raised.

If we accept 20 as the lowest HI titre of significance
against A/HK virus, then only 2.6% of swine sera
collected at slaughterhouses had HI antibody
against this viral antigen. Thus, from an endemic
standpoint, infection of swine with influenza viruses
antigenically similar to A/HK virus was minimal
in the USA during 1974. Although the inhibitor-
resistant strain of A/HK virus was used as antigen
in HI tests and sera were treated to remove non-
specific inhibitors, 293 sera had HI titres of 10.
Only a few of these low-titre sera were run in VN
tests, but none had neutralizing antibody, even at
the lowest dilution tested. The combination of
very low HI titres and the lack of demonstrable
VN antibody suggests that some swine sera contain
nonspecific inhibitors that cannot be entirely
removed by the method used in this investigation.
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RI-SUMt
PRESENCE DANS LES SERUMS DE PORCS AUX ETATS-UNIS D'ANTICORPS INHIBANT L'HEMAGGLUTINATION

PAR LE VIRUS DE LA GRIPPE PORCINE ET LE VIRUS GRIPPAL HONG KONG

Au total, 2245 echantillons de serum porcin choisis au
hasard par ordinateur au cours de l'ete 1974 dans les
48 6tats contigus des Etats-Unis ont ete examines pour
la recherche d'anticorps inhibitant l'hemagglutination
(HI) par les virus grippaux A/Swine/1976/31 (HswlNl)
et A/Hong Kong/1/68 (H3N2, souche resistant A l'inhibi-
teur). Le titre minimal d'anticorps ayant e fixe i 20
pour des serums traites avec une enzyme detruisant le
recepteur, l'enquete a montre que 20,45% des echantil-

Ions examines contenaient des anticorps HI antivirus de
la grippe porcine et que ce virus est par consequent
largement repandu chez les porcs. Des titres d'anticorps
HI A I'egard des virus de la grippe de Hong Kong egaux
ou superieurs A 20 ont ete mis en evidence dans 2,63%
seulement des serums examines, ce qui montre que le taux
d'incidence de cette infection 6tait relativement faible chez
les porcs, du moins en 1974.
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