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Recently, adenovirus type 11 has been im-
plicated as one of a number of etiologic agents
producing acute hemorrhagic cystitis ill-
nesses in children (1, 2). The recovery rate
of adenovirus type 11 from the urine of
children with this disease was approximately
15% (Mufson et al., unpublished). This is
of particular interest since adenovirus type
11 has been rarely isolated from the
oropharynx or stool of children with acute
respiratory tract diseases or from the con-
junctivae in acute conjunctivitis (3-5). Not
only the association of adenovirus type 11 in-
fection with acute hemorrhagic cystitis but
also the high recovery rate raised the ques-
tion whether these isolates differ antigenically
from the prototype strain (6). This report
describes the antigenic relationships defined
by hemagglutination-inhibition of four adeno-
virus type 11 strains recovered from urine and
the prototype adenovirus type 11 strain.

Methods. Virus strains. Adenovirus type
11 strains were isolated in HEp-2 cells from
urine of patients with acute hemorrhagic
cystitis hospitalized at the Cook County Hos-
pital. These strains, obtained during three
different years, were designated as the Scott
strain (1970), the Dean and Briggs strains
(1971), and the Heard strain (1972). The
prototype Slobitski strain, which was used
for comparative studies, was originally iso-
lated from stool. It was obtained from the
Reference Reagents Branch, National In-
stitute of Allergy and Infectious Diseases,
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National Institutes of Health, Bethesda,
Maryland (6).

Infectivity titrations. Fifty per cent end
point infectivity titrations of each virus
strain were determined in human embryonic
kidney (HEK) and HEp-2 cells. The cell
lines were maintained as previously described
(7). Tenfold dilutions of virus were made
in serum-free tissue culture media and 0.2 ml
of each dilution inoculated into each of two
roller tube cultures. The cultures were exam-
ined twice weekly for five weeks for cyto-
pathic effects and the media was changed at
these times. End points were calculated ac-
cording to the method of Reed and Muench
(8).

Antigen  preparation. Hemagglutination
(HA) antigen for each strain was produced
in HEp-2 cells as previously described (2).
Urine strains were passaged in HEp-2 cells
three times to increase HA antigen titers. The
Slobitski strain was passaged three times in
HEK cells and then twice in HEp-2 cells.
Virus harvests were frozen and thawed and
stored in aliquots at —70° until used.

Antisera. Specific antiserum for each adeno-
virus type 11 isolate was produced in rabbits
by initial intravenous administration of 2 ml
of virus which usually titered 10® TCD3,/0.2
ml followed by two 1-ml intravenous doses of
virus given at weekly intervals. Rabbits were
bled 4-10 weeks subsequent to the start of
immunization. Each antiserum was produced
in a single rabbit. Antiserum for the Slobitski
strain produced in rabbits was obtained from
the Reference Reagents Branch. Prior to use,
all sera were inactivated at 56° for 30 min,
diluted 1/10 with phosphate-buffered saline
(pH 7.2), and absorbed with a 50% sus-
pension of rhesus monkey erythrocytes at
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4° for 1 hr to remove nonspecific agglutinins
9).

( Hemagglutination-inhibition  test. Cross
hemagglutination-inhibition (HI) tests were
carried out using standard microtiter pro-
cedures (9). “V” type microtiter plastic dis-
posable plates were employed. One per cent
rhesus monkey ervthrocytes and four HA
units of antigen were used. Virus and anti-
serum were incubated together for various
times to detect differences in rates of reaction.
The incubation times used were 4 min, 30
min, 5 hr and 21 hr. All HI tests were run
in duplicate.

Calculations.

estimated using

Antigenic relatedness was
the formula:

Per Cent Relative Similarity of Virus Strains —
(’Yl X "/2)% X 100;

Reciprocal heterologous titer of virus 2

where y; — - - - ,
Reciprocal homologous titer of virus 1

Reciprocal heterologous titer of virus 1

"= Reciprocal homologous titer of virus 2 '
A value of 359% or less was interpreted as
distant relatedness.

Results. Infectivity titers. Infectivity of
adenovirus type 11 strains assayed 10 to 100-
fold higher in HEK than HEp-2 cells (Table
I). Two strains, Dean and Slobitski (proto-
type strain), showed similar titers in the two
cell lines, but the other three strains assayed
100-fold higher than the prototype strain in
HEK cells. Infectivity:hemagglutination
ratios for the urine strains varied between
10® and 10°.

Relation of reaction time to HI antibody

ADENOVIRUS 11 STRAINS FROM URINE

titer. HI titers of antibody to each strain were
lowest at the shortest reaction time and in-
creased between four and sixteenfold after
5 hr incubation time (Table II). Little in-
crease in titer developed after 5 hr reaction.
HA antigens did not decay during an in-
cubation period of 21 hr.

Strain comparison. In general, minimal
strain differences were found among the five
adenovirus type 11 isolates tested. Some
strain variation was evident at the 4-min in-
cubation time (Table III). The Scott strain
showed 35.7% relatedness to the Heard and
Slobitski strains, and 50% relatedness to
the Briggs strain. At the 30-min incubation
time, the titer differences between the Scott
and Slobitski strains were less pronounced.
The Briggs strain differed slightly in related-
ness to the Heard and Slobitski strains at
the 4-min incubation time. The slight differ-
ences between the prototype Slobitski strain
and the strains from urine which were mani-
fest at the 4-min incubation time tended to
disappear when longer reaction periods were
used. After 21 hr incubation time, no differ-
ences between strains were detectable.

Discussion. These data suggest that mini-
mal antigenic differences exist between the
Slobitski prototype strain of adenovirus type
11 and randomly selected strains of adeno-
virus type 11 recovered from the urine of
children with acute hemorrhagic cystitis.
Similarly only slight differences between the
four urine strains were detectable. Although
no differences were found between the two
urinary adenovirus 11 strains Dean and
Briggs, both isolated in 1971, differences in
antigenic relatedness were found between the

TABLE I. Comparison of Infectivity and Hemagglutination Titers of Adenovirus Type 11
Strains Isolated from Urine.

Infectivity titer L .
log TCDy/0.2 ml in Hema,gglutma,tlon Infectivity®
titer hemagglutination

Strain HEK HEp-2 reciprocal ratio
Dean 6.0 5.5 32 108
Scott 5.5 3.5 8 10*
Briggs 6.5 4.5 128 104
Heard 5.5 3.5 128 102
Prototype (Slobitski) 6.5 5.5 64 104

¢ Infectivity assayed in HEK.



837

ADENOVIRUS 11 STRAINS FROM URINE

*9UOP JOU ‘AN o
*3x23 ut vpnuioy {4uad 1ad se posseadxsy ,
<
anx aN aN ax 2N 00T 00T 08 00T 003 00T 0¢ 08 Leg 0L 00t L0L 204 L 00T Hsqo18
00T 00L 0g 1821 00L 00T 0g 202 00L 00T 0g 00T 00T 0L Lce 0oL Davolr
00T 00T 51 00T L0L jia 001 001 TF1 00T og 001 s83ug
00L 001 0oL 0g 00T 0g 00T 20 nosy
00T 00T 00T (Uus uBa(y
TSHGO[S  piedH  sddug 1008 uveq 1ysjqo|§ pavoyy s38ug 008 uex  BsIqols pivdy s88ug oo weo(  L{sjqo[§ pawdy  s83ug ooy uedq wdnuy
13 e uw gg wmu
LSWI} U0TIIBAL payrdads v vIdsyjue pajearpur Suisn ssdupaje@d yo uosuedwo))
sutealg 11 odAy, SnIrA0udDY dALY jo ssoupdjepy 11l AIdV

0P 90U ‘IN »
ax ax ax aN »(IN 091 &g OF (139 0Ge 091 08 05> 08 08 08 0F 06> (4 0% TIERqOIS
039= 0¥9= 08 0ce 0ee 0ce 0¥9 08 0ce 09L 08 09T VG 09T 08 (] 1l 0G U (4 DIeIH
079= 0v9= 08 0ce 068 0ce 0%9 08 05e (3 08 09T 08 091 08 (134 08 05> oF [li4 833l
09T 09T 08 06¢ 091 09T 09T 0% 03¢ 091 oF oF 06 09T i 05> 05 06> 08 06 008
03¢ 08¢ 08 03¢ 09T 06¢ 06e 08 09T 09T 08 09T [ 08 08 08 08 03 08 o7 wea(
™sIIqolS  pivay  s83ug 13008 wea 1ys}qo[§  pavey  s38ug  joog uedq 1ysIIqo[y paey  s83ug ooy uea@ 1s3IqolS  paedry  s38ug 33008 uea(q wadyuy

113 e u og umur

Saw} UOHIEAL Pay1adds u vIasyue aytrads pojearpur Sursn s1a3ry TH 1800sd 100y

SOWN, SNOMBA T Pajovay sumg 11 odi], SnIlaouapy 9ALg o s1d)1y, TH $s01) ‘I1I AI9dV.L



838

Scott strain of 1970 and the Heard strain of
1972. These findings suggest that the adeno-
virus 11 strains recovered from urine may
have shifted slightly in antigenic structure
during a several-year period.

In determining differences between virus
strains, the 4-min incubation time provided
the most sensitive measure, as has been pre-
viously reported for rubella virus strains (10).
Casals reported that homologous reactions
predominate at short reaction times, but at
longer reaction times cross reactions develop
(11). In our studies at the 4-min reaction
time, both the Scott and Slobitski strains
showed the widest differences in relatedness
from the other strains tested.

That antigenic variation among adenovirus
type 11 strains recovered from urine or stool
exists and could be shown by cross hemag-
glutination-inhibition tests suggests that these
isolates may have other differing properties.
Whether the urinary isolates possess a special
affinity to infect cells of the urinary blad-
der remains to be investigated.

Summary. To determine whether adeno-
virus type 11 strains recovered from urine
of children with acute hemorrhagic cystitis
differed antigenically from the prototype
strain, these strains were examined by cross
HI tests. Four adenovirus type 11 strains
(Dean, Scott, Heard, and Briggs) isolated
from urine and the prototype Slobitski strain
were tested. Reaction times of virus with
antibody varied between 4 min and 21 hr.
At the shortest reaction time, strain differ-
ences were most pronounced. The Scott and

ADENOVIRUS 11 STRAINS FROM URINE

Briggs urine strains showed less resemblance
to the Slobitski strain and other urine strains.
At longer reaction times, titer differences dis-
appeared. Except for these differences, which
were not marked, the adenovirus type 11
strains from urine appeared antigenically
similar to the prototype strain.
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