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An unusual variant of adenovirus (AV) 11 was isolated from throat and rectal
swabs from six persons with upper respiratory illness in a Spanish military
camp in March 1969. The same strain was serologically related to the upper
respiratory illness of seven other men among 25 sample cases studied in detail.
After strain purification, the virus was grouped as an AV by standard biological
tests; it possessed the usual titers of group-specific hexon antigen but only low
hemagglutinin titers (1:4 to 1:8) with erythrocytes from selected rhesus mon-
keys. The virus gave little reaction in hemagglutination inhibition (HI) tests
with antisera to AV 1 through 35, but was neutralized to homologous titers by
AV 11 antiserum. Reciprocally, rabbit and guinea pig antisera to the isolates
possessed high HI antibody titers to prototype AV 14 and high serum neutraliza-
tion (SN) antibody titers to prototype AV 11. On this basis, the variants were
classified as AV 14-11 intermediates. Sequential serum specimens from the
patients with and without positive cultures showed diagnostic rises in HI and
SN antibody levels to the AV 14-11 intermediate and to prototype AV 11, but
little response to AV 14.

In March 1969, an outbreak of upper respira-
tory illness occurred among new recruits at the
San Clemente Sasebas military camp in Ger-
ona, Spain. Among a randomly selected group
of cases studied in detail, influenza A and ade-
novirus (AV) types 3, 7a, and 11 were involved
to varying extents; however, AV 11 was the
predominant etiologic agent (9). Initial anti-
genic characterization of the influenza A and
AV 3 and 7a isolates was unremarkable in that
these were typical or currently endemic strains.
In contrast, the AV 11 isolates were uniformly
atypical, because they lacked readily detectable
hemagglutinins and were identifiable only by
neutralization tests (9). An extensive study of
these atypical AV 11 isolates was then initiated
to determine whether they were intermediate
strains and whether the presence of multiple
viruses in the upper respiratory illness out-
break somehow effected the origin of these
strains.

MATERIALS ANI) METHODS
Strain purification. Virus strains 266 and 273

were originally recovered in human epidermoid car-
cinoma (HEp-2) cell cultures (9). The strains were
passaged thenceforth only in HEp-2 and primary
human embryonic kidney (HEK) cells. Both viruses
were strain purified by consecutive triple terminal
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dilution passages in HEK, followed by triple end
point dilution plaque purifications in HEp-2, as pre-
viously described (5).

Sterility checks on stock passages were performed
by inoculating bacteriological, mycological, and my-
coplasmal media to reveal nonviral contaminants
(8), by breakthrough neutralization tests to detect
other complete viruses (3, 6), and by complement
fixation (CF) tests (1, 12) and electron microscopy to
reveal AV-associated virus types 1 to 4 (5, 12, 14).
Antisera to the strain-purified viruses were pre-
pared in New Zealand white rabbits and Hartley
strain guinea pigs by three biweekly subcutaneous
injections of virus in Freund incomplete adjuvant,
with exsanguination 2 weeks after the last injection
(6).

Virus characterization. Classical virus charac-
terization procedures were used to place the strains
in the proper group (13, 15, 22). Nucleic acid type,
acridine orange staining, chloroform and acid sta-
bility, and temperature stability with or without 1
M MgCl2 were determined as described (5). Electron
microscopy was carried out by pseudoreplica exami-
nation of concentrated supernatant fluids from in-
fected HEK cells (5). Microculture slides of human
embryonic lung fibroblast cells infected with virus
until 3' to 4+ cytopathology appeared were stained
for viral inclusions by the May-Grunwald-Giemsa
and the Van Orden inclusion stains (5).
The group CF antigen (hexon) was assayed by

block titration against anti-AV 2 hexon mouse im-
mune ascitic fluid in the standardized CF test with
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overnight fixation of 5 U of complement (1, 2). Hem-
agglutinating antigens were assayed by the stand-
ardized hemagglutination (HA) and hemagglutina-
tion inhibition (HI) tests with 0.01 M phosphate-
buffered saline diluent, pH 7.2, and 0.4% mamma-
lian or 0.5% avian erythrocyte suspensions (10, 11).
HA tests were performed with a variety of mamma-
lian and avian species at 37 and 2 C to attempt
precise subgrouping of the viruses (4). HI tests were
performed with virus against reference equine anti-
sera to AV 1 to 33 (7) and with prototype AV 1 to 33
viruses against rabbit and guinea pig antisera to
strains 266 and 273. Serum neutralization (SN) tests
were carried out with the same reagents by the 3-
day test in primary monkey kidney cell cultures
(20).

RESULTS

The epidemiology of the upper respiratory
illness outbreak, during which these atypical
strains were isolated, has been described in an
earlier report (9). For 13 of the 25 cases studied
in detail, the etiologic agent was AV "11" alone
(nine cases) or AV "11" followed by influenza A
[A/Hong Kong/8/68(H3N2)], which was en-
demic in Spain and most of Europe in 1969 (17,
18). The clinical features, sources of virus isola-
tion, and serological confirmation of infection
in these cases are presented in Table 1. AV "11"
was isolated in HEp-2 cell cultures from throat
swabs from six of eight patients (75%) between
2 and 5 days after onset of clinical illness. The
virus was also recovered from the rectal swab

taken 6 days after onset from one of these six
patients. The same strain apparently infected
the two patients with negative cultures and five
from whom no cultures were obtained, because
HI and SN tests with selected AV "11" isolates
and with acute and convalescent sera from all
13 patients revealed serological responses con-
sistently similar within the entire group.
On initial testing, the AV "11" isolates repli-

cated to high infectivity titers in tissue cultures
ofhuman origin but failed to agglutinate eryth-
rocytes of rhesus or vervet monkeys, humans,
rats, guinea pigs, dogs, chickens, geese, or tur-
keys at 37 or 2 C. Growth characteristics and
cytopathology were indicative of Rosen's HA
group 1 viruses (19), and CF tests with antisera
to the AV 2 hexon antigen (2), herpes simplex
virus, and respiratory syncytial virus con-

firmed the isolates to be adenoviruses. SN tests
with antisera to AV 12, 18, 20, 25, 28, 29, and 31
were negative, but SN tests with antisera to
the group 1 viruses readily identified the iso-
lates as AV 11. All isolates were neutralized to
the homologous serum titer (1:160) of the refer-
ence equine antiserum to AV 11 (7) and ex-
hibited no SN cross-reaction with AV 3, 7a, 14,
16, or 21 antisera.
Two of the strains were then selected for

further studies: 266, from patient 12 (Table 1),
with date of onset 15 March 1969 and 273, from
patient 11, with onset 14 March 1969. These
isolates were strain purified in HEK and HEp-2

TABLE 1. Clinical and laboratory findings from 13 patients with upper respiratory illness associated with an
AV 14-11 intermediate strain

Clinical findings Virus isolated froma

Pa- Age Sex Maxi Serological identification
tient mgume Sign/ymptoms TS RS of infection"

temp Sgssmtm
(C)

1 21 M 38 Myalgia Negative (3) -C AV 11, influenza A
2 21 M 38 Pharyngitis, vomiting AV 11 (3) - AV 11
3 21 M 38.5 Pharyngitis, chills, AV 11 (3) AV 11 (6) AV 11

cough
4 22 M 37 Pharyngitis - - AV 11
5 22 M 39 Headache, myalgia, - - AV 11, influenza A

cough
6 21 M 38.7 Pharyngitis AV 11 (3) - AV 11, influenza A
7 22 M 38 Pharyngitis Negative (4) - AV 11
8 21 M 37 Pharyngitis - - AV 11
9 21 M 37 Tonsillitis - - AV 11

10 21 M 39 Pharyngitis, myalgia - - AV 11
11 20 M 40 Pleurodynia, cough AV 11 (3) - AV 11, influenza A
12 22 M 37.5 Pharyngitis, cough AV 11 (2) - AV 11
13 21 M 38.5 Pharyngitis AV 11 (5) - AV 11

aTS, Throat swab; RS, rectal swab. Numbers in parentheses are days after onset of clinical illness; the
AV 11 identified by SN test is the 14-11 strain.

b Serological identification of infection as determined by a fourfold or greater rise in serum antibody titer
in CF, HI, and/or SN tests.

e, No specimen collected.
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cells. Stock passages of the purified viruses
were free of bacterial, fungal, and mycoplasmal
contaminants detectable in the systems used
and were free of other complete viruses as de-
termined by SN breakthrough tests. CF tests
for AV-associated virus 1 to 4 were negative, as
were HA tests with human "O" cells at 4 C for
AV-associated virus 4 (14) and electron micro-
scopic searches for AV-associated virus.
The viruses were inhibited by iododeoxyuri-

dine and produced yellow-green nuclear fluo-
rescence with acridine orange stain, findings
consistent with double-stranded deoxyribonu-
cleic acid viruses. The viruses were chloroform
stable (5% CHClI:, 10 min), acid stable (pH 3.0, 4
h), and heat labile (50 C, 1 h) at pH 7.0, with no
cationic stabilization.
Electron microscopy of the viruses in nega-

tively stained pseudoreplica preparations from
clarified virus culture fluids revealed typical
AV morphology. Virion diameters averaged 74
nm excluding the fiber projections. Hexon and
vertex capsomeres and the fibers were clearly
discernible on the virion; no envelope or limit-
ing membrane was present.
The viruses produced Cowdry type B baso-

philic intranuclear inclusions in human embry-
onic lung fibroblast microcultures. They repli-
cated only in tissue cultures of human origin
and produced 10:3 to 10t median tissue culture
infectious doses of virus per 0.1 ml at 7 to 14
days and with typical AV cytopathology. They
replicated in monkey kidney cell cultures only
if potentiated by a helper virus such as simian
virus 40. The viruses were not pathogenic for
embryonated eggs or suckling mice, even after
several passages by multiple routes of inocula-
tion.
Supernatant fluids from virus-infected cells,

harvested 2 days after complete cytopathology,
contained soluble CF and HA antigens charac-
teristic of the AV group. In CF block titrations
these cultures had antigen titers of 1:16 against
1:256 titers (optimal dilutions) of AV 2 hexon
mouse immune ascitic fluid, but no titer with
antisera to herpes simplex or respiratory syncy-
tial viruses. HA tests with erythrocytes from
human 0 cells, rats, mice, gerbils, guinea pigs,
dogs, chickens, geese, turkeys, cows, and sheep
were consistently negative at 37 and 2 C (4).
HA tests with erythrocytes from 44 different
rhesus and vervet monkeys were essentially
negative, with erythrocytes from only two rhe-
sus monkeys giving HA titers at 37 C as high as
1:4 or 1:8. The erythrocytes from these same
two monkeys were agglutinated with prototype
AV 11 to 1:8,192 titers and with prototype AV
14 to 1:512 titers, indicating that these were
exceptionally sensitive erythrocytes.

Antigenic characterization of the strain-puri-
fied isolates was carried out by complete recip-
rocal HI and SN testing. Rabbit and guinea pig
antisera to the isolates were used with refer-
ence equine antisera to AV 1 to 33 (7) and rabbit
antisera to candidate AV types 34 (5) and 35 (16)
to determine interrelationships among proto-
type AV 1 to 35 strains and the AV "11" strains.
The results are shown in Table 2. The virus
strains are clearly identifiable with prototype
AV 11 antisera by SN'tests but not by HI tests.
Reciprocally, the strain-specific antisera sug-
gest that the strains are AV 14 by HI tests and
AV 11 by SN tests. Only rabbit antisera data
are shown in Table 2, but guinea pig antisera,
prepared with the same immunizing antigens,
had HI and SN titers identical to those for the
rabbit sera. We therefore classify these AV "11"
isolates as AV 14-11 intermediate strains ac-
cording to the terminology of Wigand and
Fliedner (21). That is, the strains would be
considered AV 14 by HI but AV 11 by SN tests.
Unilateral or bilateral cross-reactions between
the AV 14-11 strains and AV 7a, 11, 14, 21, and
35 occur at titers of 1:5 to 1:20 in the HI test, and
cross-reactions between the intermediates and
AV 14 and 35 occur at titers of 1:5 to 1:10 in the
SN test.
Acute (S-1), convalescent (S-2), and late con-

valescent (S-3) sera from all 13 AV "11" patients
were tested by HI and SN against the prototype
strains of AV 3, 7a, 11, 14, 16 and 21 and
against representative strains of AV 3, 7a, and
14-11 isolated during this outbreak. The data on
the six patients with positive AV 14-11 isola-
tions are representative of the 13 and are shown
in Table 3. The CF antibody response to the
group-specific hexon antigen observed in all
patients was typical of AV infections. Prior ex-
perience with AV 3 and 7a was evident in seven
patients (five shown in Table 3) and with AV 7a
alone in three patients, with current AV 14-11
infection giving significant heterotypic an-
amnestic responses to these types. The HI and
SN antibody titers of the patients' sera to proto-
types AV 3 (G.B.) and 7a (S-1058) were identical
to those obtained with representative strains
from this outbreak (274 and 265, respectively).
Prototype AV 11 (Slobitski) virus gave HI and
SN serum titers which were similar but some-
what lower than those obtained with a repre-
sentative AV 14-11 isolate (273) (Table 3). Anti-
bodies to prototype AV 14 (deWit) were not
detected in any patient's sera by HI test but
were detected to low levels by the SN test.
Hence, by both HI and SN tests, all six patients
with positive cultures of AV 14-11 intermediate
strain, as well as the seven AV "11" patients
with negative or no cultures, responded sero-

INFECT. IMMUN.



CHARACTERIZATION OF INTERMEDIATE AV 14-11 357

TABLE 2. Relationship of intermediate AV 14-11 isolates 266 and 273 to the prototype
strains ofAV 1 through 35

Antiseruma to AV type:

1-6, Candidate Spain URI
Adenovirus type 8-10,

12-13, 7a 11 14 21
15-20, 34 35 266 273
22-33

HI titers
1-6, 8-10, 12-13, 15-20, 22-33 _ b _ - - - Or 0 0 0
7a - 160d 20 10 0 0 0 10 0
11 - 10 160 10 10 0 0 20 10

14 - 20 10 40 10 0 10 160 80
21 - 0 0 0 40 0 0 0 0
34 0 0 0 0 5 320 160 0 0

35 0 0 5 0 5 20 640 0 0
266 0 10 20 10 10 0 10 160 40
273 0 10 20 10 10 0 10 160 40

SN titers
1-10, 12-13, - - - - - 0 0 0 0
11 - 10 160 20 0 0 20 320 160

14 - 10 10 160 0 0 0 10 0
34 0 0 0 0 0 640 0 0 0

35 0 0 5 0 0 0 320 10 10
266 0 0 160 0 0 0 5 320 160
273 0 0 160 0 0 0 10 320 160

a Reference equine antisera to AV 1-33; rabbit antisera to AV 34, 35, Spain 266, and Spain 273. URI,
Upper respiratory illness.

b For homologous and heterologous HI and SN titers, see reference 7.
' 0 = <5.
d For definitions of titers, see Table 3, footnotes b and c.

logically with high antibody titers to the homo-
typic virus, with slightly lower titers to proto-
type AV 11 and little or no detectable titer to
prototype AV 14.

DISCUSSION
The atypical AV "11" strains isolated during

this upper respiratory illness outbreak were
clearly human AV by classical virus grouping
tests and were typed as AV 11 by neutralization
tests only. The strains possessed virtually no
hemagglutinating activity and were unidentifi-
able by HI tests. Rabbit and guinea pig anti-
sera prepared against strain-purified viruses
contained high HI antibody titers to AV 14 and
high SN antibody titers to AV 11, which indi-
cated that the viruses were AV 14-11 intermedi-
ate strains. Human convalescent sera from this
outbreak, on the other hand, contained high HI
and SN antibodies to AV 11 and the AV 14-11
strain but no HI and little SN antibody to AV
14, which suggested that the intermediate was

antigenically more closely related to AV 11
than to AV 14.
The clear and consistent discrepancy be-

tween antibody titers in the animal antisera
(Table 2) and those in the human sera (Table 3)
is difficult to explain. The test results were
always repeatable and were similar for the four
rabbits and guinea pigs (as one set of data) and
for the 13 patients (as another set of data). The
laboratory animals were immunized by subcu-
taneous injections of virus emulsified in adju-
vant; they experienced no natural infection.
The patients, however, experienced natural in-
fection not only with AV 14-11 but earlier with
antigenically related viruses (AV 3 and 7a) as
well. Undoubtedly, the immune response is dif-
ferent for these groups, and this may account
for the differing patterns of HI and SN data. In
any event, the discrepancies (namely, no HI
titer to AV 14 in human sera but high titers in
animal sera; low but definite SN titers to AV 14
in human sera but no titers in animal sera; and
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TABLE 3. Homotypic and heterotypic antibody responses to group 1 AV after natural infection with the AV
14-11 intermediate strain

Patients' serum antibody titers

AV 14-11 Serum HI testb SN test'Pa- strain iso- sample CF _____________________
tient lated (days after teSta AV 11 AV 14,atd onset) (AV 2 AV 3 AV 7a AV 14-11(lbt 16, 21 AV1-1AV 11

AV1
hexon) (274) (265) (273) ski) (proto- (273) (Slobit- (deWit)sk) types) ski)

2 272 S-1 (3) <8 16 16 <8 <8 <8 <8 <8 <8
S-2 (17) 32 64 32 128 64 <8 16 16 8
S-3 (28) 16 64 32 512 128 <8 32 32 16

3 271, 295 S-1 (3) 8 8 8 <8 <8 <8 <8 <8 <8
S-2 (17) 16 16 32 64 16 <8 32 16 8
S-3 (28) 32 16 64 256 128 <8 128 32 16

6 263 S-1 (3) <8 <8 <8 <8 <8 <8 <8 <8 <8
S-2 (17) 64 <8 <8 32 8 <8 16 8 <8
S-3 (28) 32 <8 <8 32 32 <8 128 64 8

11 273 S-1 (3) 8 32 16 8 8 <8 <8 <8 <8
S-2 (17) 64 256 32 256 128 <8 512 256 8
S-3 (28) 64 256 32 256 128 <8 512 256 8

12 266 S-1 (2) <8 32 8 <8 <8 <8 <8 <8 <8
S-2 (16) 128 128 32 64 64 <8 32 16 8
S-3 (27) 32 128 32 512 256 <8 64 32 16

13 270 S-1 (5) <8 8 8 <8 <8 <8 <8 <8 <8
S-2 (19) 64 512 128 512 128 <8 512 256 16
S-3 (30) 32 256 32 512 256 <8 512 256 16

Purified AV 2 hexon (2) measuring in this test strictly the AV group specificity. Titers are listed as
dilution factor of optimal dilution of antibody in patient's sera when tested with optimal dilution of hexon
antigen.
bHI antibody titers are listed as dilution factor of the highest dilution of serum completely inhibiting 4

HA units of virus per 0.025 ml in 1 h at 37 C. AV 3 strain 274, AV 7a strain 265, and AV 14-11 strain 273 were
isolated during this outbreak; other test antigens were prototype strains.
rSN antibody titers are listed as dilution factor of the highest dilution of serum effecting a 2+ reduction in

cytopathology in monkey kidney cells from that observed in the working dilution (virus control) in 3 days.

comparatively high HI titers to AV 11 in hu-
man sera but low titers in animal sera) empha-
size an inherent difficulty in defining hybrid
strains. Conceivably, an intermediate strain
could be defined one way if only data from
immunized animals are used and quite differ-
ently if only data from convalesced patients are
used. This problem requires further study.
Most patients whose illness was etiologically

related to AV 14-11 already possessed high lev-
els of antibody to AV 3 and 7a but not to the
remaining group 1 AV types. Whereas this un-
doubtedly influenced the spread of the AV 14-11
strain in the outbreak, the total absence of HI
and SN antibody to AV 11 and 14 in the acute
sera indicated that prior experience of the pa-
tients with AV 11 or 14 probably played no role
or exerted no biological pressure in the origin of
the AV 14-11 intermediate strain. The develop-
ment of such a strain thus remains a fascinat-
ing question, in contrast to the ever evolving
strains of influenza clearly pressured by prior
antibody experience in the host population.
Perhaps the continuing study of intermediate

strain AV in relation to their related serotypes
will shed some light on their origin and demise.
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