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Summary: In children vaccinated with killed measles vaccine, exposure
to natural rubeola within two to four years can result in a clinical syn¬
drome of altered measles reactivity.

During a small epidemic of measles in Edmonton, Alberta, 51 chil¬
dren who had received their last killed measles vaccination 27 to 45
months before, were admitted to hospital with this syndrome.

The syndrome consists of a prodromal cough and high fever followed
by a maculopapular rash appearing on the extremities and progressingcentrally. Pulmonary consolidations with or without pleural effusions
were evident, but these cleared rapidly in four or five days. Initial
WBC and ESR values suggested a bacterial etiology^ but no pathogenscould be isolated.

Complement fixation titres for rubeola are present in acute and con-
valescent sera and indicate a definite measles infection.

Previous killed measles vaccination excites a delayed hypersensitivitywhich is activated by the natural measles infection to account for 4iis
syndrome.

It is recommended that killed measles vaccine be no longer used
in routine vaccinations.

Measles vaccination for children
susceptible to measles is an accept¬
ed procedure in Canada and the
United States. The initial recom¬
mended schedule of immunization
suggested three doses of killed
measles vaccine at monthly inter¬
vals followed by a live measles
vaccine.

After five years' use of this sche¬
dule in the United States, many
reports began to appear suggesting
an altered reactivity in the measles
vaccine recipients on exposure to
natural measles infections.1'4 The
altered reactivity consisted of a

symptom complex of high fever,
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atypical rash, penumonia and
eosinophilia.
No such reports have appeared

in the Canadian literature. Because
the syndrome should be readily
recognized, this paper presents the
findings in 51 children who had
been previously vaccinated by
either the KKKL* or KKKf regi¬
men and who developed the altered
reactivity. A recent epidemic of
measles (during the first four
months of 1970) made possible a

study of the efficacy of measles
vaccine in the young at varying
times after the last killed measles
vaccination. Some of the children
had also received a live measles
vaccine which apparently failed
to protect them.
* Three monthly injections of killed
measles vaccine followed by one of live
measles vaccine.
tThree monthly injections of killed
measles vaccine.

Methods and materials
The 51 children were private pa¬
tients admitted to the Royal Alex¬
andra Hospital in Edmonton, Al¬
berta between January and April
1970.

'

Owing to the short stay in hos¬
pital of most of these children,viral serology was completed in
only 10 (Table I).
The children studied had previ¬ously been vaccinated according to

the accepted regimen of three
doses of killed measles vaccine at
monthly intervals followed by one
dose of live measles vaccine. All
but one of the children had re¬
ceived a killed vaccine (Pfizer-
Vax Measles-K-monkey kidney)which was discontinued early in
1968 when another strain of killed
measles vaccine was substituted.
The live measles vaccine used
throughout was Rubeovax (Lyo-
vac Rubeovax-chicken embryo).

During the hospitalization of
these patients, hematology testingincluded leukocyte counts and dif-
ferentials, ESR and hemoglobins.Blood and sputum were cultured
for bacterial, Mycoplasma and vi¬
ral pathogens. Testing for cold ag¬glutinins and investigation of viral
serology complement fixation were
also attempted.

Clinical particulars
Generally, the children were ad¬
mitted with high fever, an exan-
them and extensive bronchopneu¬
monia. The diagnosis of atypical
measles was not considered initial-
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ly owing to the variety of present-
ing signs and symptoms (Table
ii).
Prodromata
Most of the. children had a history
of exposure to natural measles
seven to 14 days prior to onset of
their disease. The illness began
with cough, coryza and high temp¬
eratures often rising to 104° to
105°F. In two cases the tempera¬
ture was recorded as 107°F. Cervi¬
cal lymphadenopathy was mini¬
mal and Koplik spots were not
apparent.
Exanthem
Within 48 to 72 hours of the pro-
dromal fever, a rash usually be¬
came evident on the hands and
feet. This was light pink, fine, dis-
crete and morbilliform, rapidly
spreading centrally to the trunk to
become more erythematous and
confluent. In some cases the rash
was vesicular and in many it be¬
came itchy. Often the rash became
confluent over large areas of the
thighs and trunk. In a few cases

it was purpuric.

Pulmonary involvement
The respiratory complaint of the
majority of cases was a dry non-

productive cough. Fine rales could
often be heard in various lung
fields, and elsewhere clinical signs
of consolidation and pleural effu¬
sion were found. The latter cleared
rapidly, both radiologically and
clinically, so that day-to-day exam¬

ination revealed pronounced
changes. In one case, intrapulmo-
nary shunting was present with
oxygen desaturation, but radiologi¬

cally only patchy consolidation was
noted.

Radiological findings
When cases of pulmonary involve¬
ment as a manifestation of the al¬
tered measles imune response be¬
gan to appear in our hospital early
in 1970 it was immediately recog¬
nized that this was a different
radiologic entity from the usual
bacterial bronchopneumonia. The
cases bore such a resemblanee to
each other that they were recog-
nizable from the admission chest
radiographs.

All cases showed extensive con¬

fluent interstitial consolidation,
usually bilateral, frequently lobar
but consistently non-segmental. In
10 cases the pneumonic consolida¬
tion was associated with signifi¬
cant pleural effusion. The most
striking feature was the rapidity
with which the consolidation re-

FIG. 1.Posteroanterior projection. Exten¬
sive interstitial consolidation in the right
lower lobe associated with a large pleu¬
ral effusion.

solved and the effusions were re-

absorbed. No bacterial broncho¬
pneumonia could resolve so rapid¬
ly and the homogeneous intersti¬
tial appearance was not consistent
with a simple bronchopneumonia.
The pulmonary manifestations

in these children were produced
by an interstitial pulmonary ede¬
ma, and in many cases dilated pul¬
monary interlobular lymphatics
could be identified during resolu¬
tion. The appearance most closely
resembled that of Loeffler's syn¬
drome or the pulmonary edema
produced by aspiration of irritants
such as chlorine gas.
Representative radiographs of

four cases are presented in Figs.
1 to 10.

Laboratory investigation
Initial hematology studies revealed
a leukocyte count in excess of
13,000 per c.mm. with a polymor-

TABLE II
Diagnostic criteria of altered measles reaction

A. HISTORY
1. Prior measles vaccination with killed measles vaccine
2. Contact with natural measles within 7 to 14 days prior to symptoms

B. PHYSICAL FINDINGS
1. Prodromal symptoms of cough and coryza
2. High temperature to 104° 105°F.
3. Maculopapular erythematous rash beginning on hands and feet
4. Clinical signs of pulmonary consolidation and bronchopneumonia
5. Rapid clearing of symptoms in four to five days

C. RADIOLOGICAL
1. Pulmonary consolidation involving entire lobes with or without pleural

effusions
2. Rapid clearing of pulmonary complications with other symptoms

D. LABORATORY
1. Initial high WBC counts and high ESR values
2. Subsequent low WBC counts with marked eosinophilia of 10 to 30%
3. Negative cultures of blood and sputum for bacterial, Mycoplasma and

viral agents
4. Rising titres of measles virus indicating a recent measles virus infection
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FIG. 2.(Same case as Fig. 1.) Projection
four days later. The effusion has been
reabsorbed; a little interstitial consolida¬
tion remains in the right lower lobe,
but dramatic improvement has occurred.

FIG. 5.Posteroanterior projection. Ex¬
tensive interstitial consolidation is pres¬
ent, most confluent in the upper lobe
but involving the entire right lung. No
significant effusion.

FIG. 8.Projection one week later (same
case). Almost complete clearing of both
effusion and consolidation.

FIG. 3.Posteroanterior projection. Con¬
fluent interstitial consolidation is present
in the left mid-lung and in the right
upper lobe, neither of which conforms to
a segmental distribution.

FIG. 6.Projection two days later (s
Fig. 5). There is now a very large right
pleural effusion. The consolidation in the
lung is little changed. FIG. 9.Case 4. Posteroanterior projec¬

tion. Confluent interstitial lobar consoli¬
dation in the right middle lobe. Non-
segmental consolidation in the left upper
and lower lobes. Small bilateral effusions.

FIG. 4.(Same case as Fig. 3.) Projection
four days later. Almost complete resolu¬
tion has occurred.

phonuclear response greater than
70?. ESR values varied from nor¬
mal to greater than 50 mm. after
one hour. By the fourth or fifth day
the leukocyte count was normal
with a lymphocytosis and eosino-

FIG. 7.Projection one day later (same
case). Almost complete clearing of both
effusion and consolidation.

philia of 10 to 30% and normal
ESR values.
Although initial blood counts

suggested a bacterial infection, as

did the elevated ESR values, cul¬
tures of blood and sputum were

repeatedly negative. Cold agglu¬
tinins and viral isolation studies
were also negative for pathogens.

Serology on collected specimens

FIG. 10.(Same case as Fig. 9.) Pro¬
jection four days later. Marked but not
quite complete resolution of the pulmo¬
nary consolidations.

is not routinely done for rubeola,
and it was only after a consider¬
able number of similar cases had
been admitted that the measles tit¬
res were documented.

In the cases presented in Table
I, complement fixation tests were

performed on acute and two-week
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convalescent sera. The interval in
months since the last killed meas-
les vaccine injection is tabulated,
the shortest time being 27 months
and the longest being 45 months.
The rise in the measles litres in the
interval between the two tests in-
dicates a recent rubeola injection.

Discussion
Beginning in 1960-61 some vaccin-
ation programs in the United States
recommended three doses of killed
measles vaccine at monthly inter-
vals beginning at 6 months of age.
Following many reports which
suggested an altered reactivity to
measles virus infection in previous-
ly vaccinated children1-4 the Aca-
demy of Paediatrics issued a news-
letter in November 1967 urging
discontinuation of the use of killed
measles vaccine.
To date, various provinces in

Canada still use the KKKL regimen
of measles vaccination although
the original Pfizer-Vax alum-pre-
cipitated killed vaccine has been
replaced with a newer type of vac-
cine using no metal as a precipi-
tant.
Many papers have proposed ex-

planations of the altered reactivity
to the measles virus infection.5' 6
The most probable explanation is
that killed measles vaccine imparts
a short-lived immunity to the re-
cipient 2 years of age or younger
and in addition excites a delayed
hypersensitivity response (Fig.
11) *5, 6 When the recipient con-
tracts natural measles infection at
a time when his immunity is low,
the result is the delayed hypersen-
sitivity reaction which has been
termed atypical measles and which
produces high fever, rash, pulmo-
nary consolidation and eosinophi-

.

li-i---
- - - - -

FIG. 11-Schematic representation of the
possible responses of recipients of killed
measles virus upon natural exposure. A
full range of responses, from total pro-
tection to typical and atypical measles
illness, is related to the decline in serum
antibody and the persistence of delayed
hypersensitivity. (Reproduced with per-
mission, from Fulginiti. V. A. and Arthur,
J. H.: .7. Pecliat.. 75: 609, 1969.)

lia. The diagnostic criteria of the
altered reactivity are set forth in
Table II; these were assembled
following the study of the 51 cases
presented in this paper.

Fulginiti et al.3 published 10
cases with the above symptoms,
but noted peripheral edema. The
cases we present are very similar
except that no peripheral edema
was evident and the majority of
children had live measles vaccine
in addition to the killed measles
vaccine. The patients of Fulginiti
and those described in this paper
were vaccinated by an alum-precip-
itated formaldehyde-killed measles
virus. Alum has since been shown
to greatly enhance delayed hyper-
sensitivity reactions to many anti-
gens. Since January 1968, the killed
measles vaccine used in the Prov-
ince of Alberta has not been pre-
cipitated with alum. If the above
hypothesis is correct, the incidence
of atypical measles may lessen with
the use of this vaccine but the dis-
ease will not disappear.
The purpose of this paper is to

point out the possibility of an alter-
ed measles reaction to measles
virus occurring in children receiv-
ing killed measles vaccine, and
to urge that the use of this vaccine
be discontinued. The protection
provided by live measles vaccine
is reduced by previous use of killed
vaccine. In order to protect chil-
dren from measles infection and
from the altered reactivity syn-
drome in those who have had live
measles vaccine, further live meas-
les vaccination is recommended.
It is expected that more cases of
the altered reactivity syndrome
will be seen in the next few years
as more natural measles is encount-
ered by the previously vaccinated
population.

Resume
Re'activite' modifie'e de la rougeole
chez des enfants ant.rieurement
vaccin4s
Chez des enfants ant6rieurement
vaccin6s avec un vaccin anti-rou-
geoleux . virus tu6, un contact
avec la rub6ole naturelle dans un
d6lai de deux .t quatre ans peut se
tradufre par un syndrome clinique
de r6activit6 modifi6e de la rou-
geole.

C'est ainsi que, durant une pe-
tite 6pid.mie de rougeole survenue

?. Edmonton (Alberta), 51 enfants
qui avaient re.u leur demi.re vac-
cination .i virus tu6 entre 27 et 45
mois auparavant, pr6sentaient ce
syndrome et furent hospitalis6s.
Ce syndrome est annonc6 par

une toux et une forte fi.vre, sui-
vies d'une 6ruption maculopapu-
laire qui d6bute aux extr6mit6s et
qui progresse vers le centre. Des
consolidations pulmonaires, ac-
compagn6es ou non d'6panchement
pleural, 6taient manifestes mais ont
disparu rapidement, soit en quatre
ou cinq jours. La formule blanohe
et la vitesse de s6dimentation
6rythrocytaire perxnettaient de
croire .t une 6tiologie bact6rienne,
mais on n'a Pu isoler de gennes
pathog.nes.
Des titres de fixation du corn-

pl6ment de la rub6ole, pr6sents
dans le s6rum de malades en phase
aigue et le s6rum de convalescent,
indiquent nettement une infection
rougeoleuse.
La vaccination antirougeoleuse

. virus tu6 stimule une hypersen-
sibilit6 retard6e, laquelle est ac-
tiv6e par l'infection rougeoleuse
naturelle, ce qui peut expliquer le
syndrome.
On conseille de ne plus employer

couramment le vaccin antirougeo-
leux .t virus tu6.

Referencee
1. FULGINITI, V. A. et al.: J. A. M. A.,

202: 1075. 1967.
2. RAUHJ L. W. AND SCHMIDT, R.: Amer.

.7. Di&. Child.. 109: 232. 1965.
3. F'uLGINITI, V. A. et al.: ,T. Pecliat.,

69: 891. 1966 (abstract).
4. NADER. P. R., HORWITE, M. S. AND

ROUSSEAU. J.: Ibid.. 72: 22. 1968.
5. FuLaiNITx, V. A. AND ARTHUR, J. H.:

Ibid., 75: 609. 1969.
6. HARRIS, R. W., ISACSON, P. AND

KAREON, D. T.: Ibid., 74: 552, 1969.

C.M.A. JOURNAL/OCTOBER 10, 1970/VOL. 103 727


