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.hxuration of vre•anfo•o.lowin-_ vac-c -tion _..__.m...- X.

by G.P. A1.ivisatos and I. V-ola..-'zzkva.

Zeit. f. •.itae osc... u. e t .. er.... ^17: 23 159).

?artial translation.

It hoes been know.n. for some t* .tw-t the disappearance of pathoge:s
from the body does not coincide v.th cassation of dise*ase, iL is
generally accepted, however, that vi.rases circulate •.•.the patient's
blood only du.ing the first few- days of ijzess, seldom for longer than
one week. Reports of more prolonged vire-ia ware al:mys receivedc i.At
great reservation, although Calcette and Guerin (1) ha-d shou.n since `Q01
that vacciniascirus circulates in the blood for seve.ral days v.thout
symptomas, and thot typical sldn eraptions appear on2y u.en the a-_I.l's
fur is shaved or extracted. -Ir addition, Gins (3) demonstrated. in .1923
by means of corneal lesions and elicitation of specific keratitis .hat
vaccinia virus circulates silently seven days after intravenous instillatin.
herzberg--Kermer and Herz'berg (7) had similar results in 1930-1931, -hen
;they found vacc -ia v•rus in the blcz.d circulation ttbee to ten doy; o! r
vaccination. Cn the other hand, Scott and Simon obtained variola vru'
i1923 from r1inophArynrgeal sputa of two snm,-!pox patients, 23 days after
comnenceznnt of illness from one, and 31 days after onset from the other,
i.e., at a time when all scabs had been shed.

4.

Puntigazm and Orth (11) reported recently (1953) that they produced
orchitis after intratesticular injection of rabbits inth vi.rus-containing
blood plasma obtained from calves used in vaccine production; the pla.a
had been obtained at different intervals after inoculation. Follow•ng
centrifugation of testicular suspension, these authors found elementary
bodies of vaccinia under the electron microscope up to 528 hours (22 days)
after injection.

in contrast, the studies (1950) of XrcCallum, .1cPherson and Johnstone
(1u) produced vaniola virus from the serum or blood plasma of only two
out of seven smallpox patients on the third and fourth day after onset,
when material i-ms injected into chiclk embryos. These authors isolated
the virus by egg inoculation of rhinopharyngeal secretions .rom the same
eight patients in oly, two cases, despite the fact t-ha secretions were
obitai:-ned ti -dys after on-set. The same authors found it imgoossibL
to isolate variola virus in egg culture, although the secretions *ere
procured from four other -atients three to four days prior to appearance
Cf eraotian (contact cases), and it is generally accepted that the
ioectij-vy of these secretions is highest in the p.re-eruptive stage.
On t.e other hand, the pustular ous of all twelve patients contained the
viras. as delmnstrated by inoculation of chick embryos.



°.-.

: In 1950, siow.de, I.cCa'.thy '_nd "l.a-orIdi d
inoculating eggs w.ith serumt of vario2) pa-tients in t.eir first :he _our;n
day of illness; results were positive in four out of .. -::eS. T...
rninopharyngeal secretion of1. a = =o:: patient in.. L tae Lrz, anc z,-uon.
day of illness failed to reveal virus. The authors concluder from therte
findings that the virus circulates in the blood only d: ng tho tra-
eruptive stage.

*. +. The preceding discussion reveals the (:.vergen:e of i .l . t'.t
* besets this problem, i.e., the length of ti".c spa-nt. by - or e

viius circulating in the blood after onset• of disease. Z'"is cuesticn is
not only of theoretical interest, but .is significant from tha epicio6io-
logical viewpoint and from the aspect of host-parasite re,'tions.

Our studies. of this problem proceeded. from an observation made by us
in 1953 during the investigaticn (still in progress) of interference
phenomena produced by vaccinia virus. We established that the above-
mentioned virus may still be cultured from the blood 37 days after
intravenous or intracutaneous instillation in rabbits. ,e zmust add here
that we never used serum or plasma in egg cultures, but always unclotted
whole blood (see below), since one of us had found that the majority of
organisms are trapped in the mesh of the clot and are transferred to ;hs
serum in very =m1ll numbers. The same entrapment took place in meshes of
zilk curd idiean the survival of Brucella in cheese uas studied; the
cheese had been made of milk artificially infected with a kniow quantity
of germs.

Viremia after survival of smlloox

Judging by positive rabbit tests and initial positive results of the
present study of vaccinmted children, we assumed that the conditions
were analogous in the case of smallpox, despite the controversies and
the impossibility of culturing the virus from the blood save during the
first few days of illness. A coincidence confirmed this assumption.

During the night of 6 July 1957, the 29-year-old sailor J. Sk.
arrived in Athens by aircraft from Port Sudan. The airport sanitary

* authorities noted a few sparse, reddish scars in his face and found two
scabs on the lower left leg. Status of vaccination: unknotn. He was
immediately placed in an isolation hospital. The anamesis revealed
that this man had landed atPort Sudan on 8 May 1957 on board a ship
sailing from Zedda. On lI'"ky 1957 he came down vith chills, high fever,
vomiting, headache and pain in the joints and loin. Wo days later he
vas hospitalized in Port Sudan. On the third day of illness a sparse
eruption appeared on his head, descending slowly across his body and
becoming pustular. Drying was followmed by formation of scabs, uich
began to drop off until only a few were left on his lower legs by 3 June,
the day of discharge from the hospital. .lthough this man had contracted
classical varioloid daring the course of a smallpox epidemic in the Sud"-,
his record listed a noncommittal diagnosis. On 7 July 1957 the State
Eygiene Laboratorl carried out a blood culture in 12-day 'Chick embryos
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b y the cu.toz•-r met"od (blood ser. ; the result was noLativa.
k.o' scabs were left" at this ti:.e.

On 21 Ju•ne 1957, i.e., 38 days after onset of disease ana 14-15 day"
after loss of sccabs, when the sailor was scheduled to return home
following thorou~i disinfection, pending e-nmiation by the z_--£a-ry
authorities, we were able to draw blood for water-glycero2 fluid, of
which lots of 0.1 ware injecte. into t 1o 12-day chick e-r*o-. The
result .irus positive tu.o days lter; each membrane coont'ai-1 n4C average

* of 40 pustules (Fig. 3).

blood serzm from the same sam.le was inactivated for ; hour at
560C in -. rder to destroy possible virus particles, minxed t..h.. _.1
w d-ith I r-l of a 10-4 dilution of vaccine (earlier neutr 'izat_.cn tests
had sho'm, th-is ratio to to olt_"al), stored for 2 hours at room te3mera-
ture, then injected into 12-dd-y chick embryos in lots of 0.1. Forty-
eight hours later 0.05 m! of the 10-4 dilution of vaccine treaecd A,4%th

patient serum had produced a-r average of 10 pustules, 1_1iile the control
(tu: cnick embryos infected %i.-h 0.05 of vaccine diluted to 10-4) had
yielded an average of 60 pustules.

The ifference between membranes (sligh.tly or severely he-_orrha-ic,
etc.) described previously were again apparent between those subjected to
neutralization tests and controls (cf. Fig. 4, 5). This proves that
variola virus still circulates in the patient's blood 38 days after onset
of disease and 14 days after shedding of crusts, despite the fact that
his serum had a relatively high virus-inhibiting potency which perzitted
the growth of only one-sixth of the virus compared to the control test.
7The pathogenic power of the virus also seemed to change in the presence
of serum, compared to the control virus.

Discussion

"The preeint enp.eriments repeatedly demonstrated the survival of

vacciniea viras in the blood long after the disease process had stopped,
including one case of smallpox. If one assumes that an infectious
diseas". is an ecological process aimed not at the destruction of the
t,.* competing systems, bat possibly at their msurvival and balanced co-
edistence, this result is not surprising. The survival of an infectious
disease seems to indicate in most cases that the host has become unsuitabil
for further habitation by the parasite, i.e., that the parasite, while no
lo.'ger able to propagate in the host's body, does not perish all at once.

isolated pathogens may ex,_st for ex-tended periods in the host's
or-&d=sr in a state of necrobiosis, i.e., they are able to reproduce,
"u.der special conditions, outside the host organism. This type of
reservoir is more prevale•t than previously assumed. It does not seem
"to be of great .epideriological importance, but does reinforce the iaznity
of the host, since daily disintegration of necrobiotic germs acts as a
positive ipulse on reinforcement of host i=inity. In this pDrspective,
.the m_.16l number of germs present in 0.08 ml of blood =ast be evaluated

* \*~~"3



0~ 4 correct-ly3 as =az e. the obsemi~ti on e' nu.,-~ ~ricr~. tL
or n.ot at all_____ g 16-es:7od-~,..-" -l..t

adrop in irl ec4tivit-y fi vaccine or varf Lu- . ri s; t~he ;h.
requires conL, rz.ation by z-Ac:.ioa: sy--t-am~ti c V t: e
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