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Plague in Brazil during two years of bacteriological
and serological surveillance*
C. R. ALMEIDA,1 A. R. ALMEIDA,2 J. BAPTISTE VIEIRA,3 U. GUIDA,4 & T. BUTLER5

In north-east Brazil, whereplague infection is endemic, bacteriological and serological
methods were employed during a two-yearperiod to determine accurately the occurrence of
human infection and to define certain epidemiologicalfeatures of both human and rodent
infection. There were 67 confirmed cases ofplague, predominantly among males and chil-
dren. Most ofthese cases occurred in two inland ruralplateaux ofCeara State. Clustering of
cases in place and time was common, as was a history ofcontact with rats. Peak occurrence
was in November 1978, during the warm, harvest time ofyear. Rodent surveillance resulted
in isolation ofYersinia pestisfrom 33 animals, most ofthemfrom thefleld rodent, Zygodon-
tomys pixuna, in the States ofPernambuco and Ceara. Our results indicate a decline in the
number ofhuman casesfrompreviousyears butshow that severalfoci remain activeand that
serological testing, in addition to routine bacteriological testing, can assist workers in
maintaining the surveillance of both human and rodent plague in Brazil.

Plague infection has been endemic in north-east
Brazil for many decades. During the last decade,
human cases occurred every year, with a peak of 496
cases reported to the World Health Organization in
1975 (1). The incidence of plague, however, has not
been accurately determined because bacteriological
samples were not routinely obtained before patients
received antibiotic treatment and because serological
testing was not available for retrospective diagnosis.

In Brazil, serological testing with the passive
haemagglutination assay (PHA) for antibodies to
Fraction I of Yersinia pestis was introduced by Mello
and Paracampos in 1967, who found high titres in
patients who had recovered from plague (2, 3). Their
positive PHA results were not subjected to passive
haemagglutination-inhibition (PHI) tests to examine
the possibility of cross-reactions with antibodies to
related organisms or antigens. Serological investi-
gations of plague were not carried out in Brazil during
the subsequent decade.
The surveillance of rodent plague in Brazil has, like-

wise, been hampered by reliance on quarantine of
trapped animals, followed by cultures of pooled fleas
and tissues of rodents that die in captivity. Other
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surveillance studies have shown that this approach
underestimates plague activity in rodents (4). Thus,
serological testing has been recommended for surveil-
lance programmes in plague endemic areas (5).
The purpose of these studies was to reintroduce the

PHA test for Fraction I of Y. pestis for the examin-
ation of both human and rodent sera in Brazil. Its use-
fulness for retrospective confirmation of the diagnosis
of plague in human subjects was shown, as well as its
ability to detect evidence of rodent plague. Addition-
ally, the collection of bacteriological data and clinical
information has allowed us to make conclusions about
the epidemiological and clinical features of plague in
Brazil.

MATERIALS AND METHODS

Patients

The patients studied were all from the States of
Ceara, Pernambuco, and Paraiba. They had re-
covered from illnesses they experienced between
December 1977 and May 1979 which their physicians
suspected of being plague because of lymphadenitis.
Epidemiological and clinical data were recorded for
all patients. Specimens of aspirated buboes, blood, or
sputum were sent to the laboratory for bacterial cul-
ture. Blood was obtained for serological testing during
the acute illness and 1-5 months later. The serum was
separated from the blood and stored until the time of
serological testing.
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Rodents

Rodents had been trapped between December 1977
and November 1979 in several localities of Pernam-
buco State as part of Brazil's plague surveillance
programme. The localities selected for trapping were
places where bacteriologically confirmed plague infec-
tion had occurred in man or rodents between 1950 and
1977. The rodents were combed of fleas and quaran-
tined for a month. Animals that died during quaran-
tine were autopsied and specimens of blood, spleen,
and liver obtained for bacterial culture. For sero-
logical testing, blood was obtained by retro-orbital
collection into sterile Pasteur pipettes and the
separated serum was frozen until the time of testing.

Bacteriological identification
Clinical specimens for culture were transported to

the laboratory in Cary-Blair medium (6). Y. pestis was
identified by standard bacteriological methods and
confirmed by bacteriophage lysis (7). Animal tissues
of rodents that died in captivity, or were found dead in
the field, as well as pools of fleas obtained from cap-
tured rodents, were examined by the same methods to
isolate and identify Y.pestis.

Serological testing

All sera were heated to 56 'C for 20 min in a water-
bath and absorbed with fresh, sheep red blood cells
before reaction with antigen-labelled, sheep red blood
cells. The passive haemagglutination test (PHA) for
antibodies against Fraction IA of Y. pestis was
performed by the method used by the Plague Branch
of the Centers for Disease Control, Fort Collins,
Colorado (8, 9). Briefly, sheep red blood cells
collected in Alsever's solution were washed and fixed
in glutaraldehyde. The cells were exposed to tannic
acid and sensitized with Fraction IA antigen of Y. pes-
tis (obtained by courtesy of the Plague Branch, CDC,
Fort Collins, Colorado) in a final concentration of
100 gAg of antigen/ml. The PHA test was performed
by the microtitration technique. All sera giving posi-
tive results in the PHA test were readsorbed with
fresh, sheep red blood cells and retested in the PHA
test with a concomitant passive haemagglutination-
inhibition (PHI) control. Into each well of the PHA
microtitration plate was pipetted 0.025 ml of normal
rabbit serum (NRS) diluted 1:100 in saline, and into
each well of the PHI control plate was placed 0.025 ml
of NRS diluted 1:100 in saline containing 100 lAg of
antigen per ml. Using a microdiluter with a volume of
0.025 ml, test sera and control sera were delivered to
both PHA and PHI wells and 11 twofold dilutions
made of each serum in a row. Finally, 0.025 ml of
sensitized red blood cells (5 ml/litre of NRS diluted
1: 250 in saline) were delivered to all wells. The plates

were swirled, covered, and allowed to stand overnight
at 4 IC. The highest dilutions of sera showing
haemagglutination were recorded and compared with
the PHI titres. Sera were considered positive only
when repeated testing showed a PHA titre of > 1: 16
that was four times or more higher than the PHI titre.

RESULTS

Human plague
A total of 118 sera from suspected cases were

examined and, of these, 67 were eventually confirmed.
From 11 cases, cultures of Y. pestis from bubo
aspirates, blood, or sputum were positive and in 10 of
these there was confirmatory serological evidence of
recent plague infection. Thus, in 56 other cases the
diagnosis of plague was established by serological
criteria alone, these being a haemagglutination titre of
1:16 or greater against Fraction IA of Y. pestis that
was at least four times higher than the haemaggluti-
nation-inhibition titre. The 52 cases with negative
serological results may have represented non-plague
adenitis or patients who were serological non-
responders.
Age and sex distribution. Among the 67 confirmed

cases, there were 39 males and 28 females. The age
distribution (Table 1) shows that the preponderance
of males occurred mostly in children, especially in the
11-15 year age group, whereas the sex distribution in
adults was nearly equal between males and females.

Geographical distribution. All except two of these
human cases occurred in Ceara State in the towns
shown in Table 2. As shown in Fig. 1, these towns are

Table 1. Age and sex distributions of 66 cases of confirmed
plague

Age (years) Males Females

1-5 11 7

6-10 10 7

11-15 10 2

16-20 1 3

21-30 4 2
31-40 2 2

41-50 1 1

51-60 0 1

61-70 0 2

Totals 39 27
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Table 2. Numbers of cases occurring by month in the towns of Ceara State

1977 1978 1979

Towns Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

Aratuba 2 3

Capistrano 1

Guaraciaba
do Norte 1 2 3 1 1 1 2 1 1 5 2 1 1

lpu 1 3 1 3 2 2 6 2 2 1 2

Ipueiras 2 1

Poranga 2

Sao Benedito 1 1 2 1 2

Fig. 1. Map of north-east Brazil showing the towns of the
main foci of plague infection during 1977-79. The coastal
cities of Fortaleza and Recife were free of plague and are
included for reference only.

situated in two main foci, which are both plateaux at
400-900 m above sea level: the Ibiapaba focus, which
includes Sao Benedito, Guaraciaba do Norte, Ipu,
Ipueiras, and Poranga and the Baturite focus, which
includes Aratuba and Capistrano. Additionally, there
was one case in Triunfo in Pernambuco State and one
case in Princesa Isabel in Paraiba State.

Seasonal distribution. Although surveillance con-
tinued for 24 months from December 1977 to

November 1979, the confirmed human cases occurred
only during the 18 months from December 1977 to
May 1979 (Table 2). Plague occurred throughout the
year but with a peak incidence in November 1978. This
is the warm season with daily maximum temperatures
of 20-30 °C and only occasional rainfall, but with
relative humidity of about 80%. The months from
August to November are the harvest season when
farmers are storing their sugar cane and other crops.
Case clustering and animal contacts. Clustering of

cases in time and place was common in the endemic
rural areas of Ceara State. The 5 confirmed cases in
Aratuba in October-November 1978 represented only
a portion of a well-defined outbreak in the village of
Serrinha dos Colares. There were 11 suspected cases,
of whom 9 lived in one house and 2 were in a neigh-
bouring house. This outbreak was preceded by the
death of many rats in the affected houses. Although
Y. pestis could not be isolated from any of these rat
carcasses, trapping of live rodents in this area
recovered another rodent species Oryzomys eliurus,
one of which died and from which tissue cultures for
Y. pestis were positive. In this outbreak, one patient
had plague pneumonia confirmed by sputum culture.
One patient with suspected bubonic plague died but
his postmortem cultures were negative.

Three of the cases in Guaraciaba do Norte in Janu-
ary-February 1978 occurred in the village of
Timbauba. All were members of the same family who
reported that they had killed rats in their house before
their illnesses. Similarly, there were 3 confirmed cases
in the yillage of Carnauba in Sao Benedito in October
-November 1978. Two were in the same family and
one was from a neighbouring house.

In association with one of the cases in the village of
Almas in Ipu in October 1978, a moribund rat was
captured at the patient's house. Y. pestis was isolated
from its tissues.

Clinical illness. All 67 patients, except for the one
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pneumonic case, presented with fever and bubo. In 58
of the patients, for whom a complete clinical history
was recorded, there were 52 inguinal or femoral
buboes and 6 axillary buboes. All of these survived
their illnesses. Deaths were reported only in suspected
cases of fever and bubo that occurred in the endemic
areas of Ceara and Pernambuco State. One death was
in a boy with a cervical bubo at Sao Caetano in Per-
nambuco State in July 1979. This was considered a

probable case of plague because trapping near his
house produced a Zygodontomys pixuna that died
and had positive cultures for Y.pestis.
The case of plague pneumonia was in a 33-year-old

female who was a family contact of bubonic cases in
Aratuba. She did not have a bubo but presented with
signs of pneumonia and had a positive sputum culture
for Y. pestis, as well as positive serology during
convalescence.

Rodent bacteriology

Between December 1977 and November 1979, as
part of a surveillance programme covering the whole
of Brazil, there were isolations of Y.pestis from
tissues of 33 individual animals. The most frequently
infected rodent was Z. pixuna, which accounted for 25
of these isolations. Most of the positive specimens (24)

originated from Pernambuco State, as shown in Table
3, rather than Ceara State. This geographical distri-
bution of rodent plague, which was different from
that of human plague, most probably reflects the
location of the Central Laboratory in Pernambuco
State, where trapping and surveillance are conducted
more intensively. Additionally the rodent specimens
from Ceara State were usually picked up dead and
transported to the laboratory later, whereas the
rodents in Pernambuco were trapped alive and
allowed to die in captivity. There were an additional 10
isolations of Y. pestis from Polygenis species of fleas
obtained from Z. pixuna, Calomys callosus, and
Oryzomys subflavus. These fleas were combed from
animals other than those listed in Table 3.

Rodent serology
In this survey, the sera of 1743 rodents trapped in 14

localities between May and August 1979 were tested
for PHA antibodies against Fraction I antigen of
Y. pestis. The most numerous species tested was
Z. pixuna, followed by Ratttus rattus, 0. subflavus,
and C. callosus. Nonspecific haemagglutination was
frequently accompanied by equally high HI titres
despite repeated adsorption of sera with sheep RBC.
Therefore, for rodent sera, we considered as positive

Table 3. Rodent plague confirmed by isolation of Yersinia pestis from tissues by month of capture

Date State Town Species No. of rodents

Aug. 1978 Pernambuco Triunfo Z pixuna 1

Oct. 1978 Pernambuco Triunfo Z.pixuna 2

0. subflavus 1

Nov. 1978 Pernambuco Triunfo R.rattus 1

Z. pixuna 1

Ceara Ipu R. rattus 1

Feb. 1979 Ceara Aratuba Q.eliurus 1

Apr. 1979 Pernambuco Triunfo Z.pixuna 1

May 1979 Pernambuco Triunfo 0. subflavus 1

June 1979 Paraiba Natuba Z.pixuna 3

Pernambuco Triunfo Z. pixuna 3

O. subflavus 1

Aug. 1979 Paraiba Natuba Z pixuna 1

Pernambuco Sao Caetano Z. pixuna 2

Triunfo 0.subflavus 1

Sept. 1979 Pernambuco Sao Caetano Z.pixuna 3

Ceara Guaraciaba do Norte Z.pixuna 2

lpu Z.pixuna 1

Oct. 1979 Pernambuco Tacaimbo O.subflavus 1

Nov. 1979 Pernambuco Sao Caetano Z pixuna 5
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only those sera for which theHA titre exceeded the HI
titre by 8-fold or more. By this criterion 33 sera (1.9%0)
were positive, as shown in Table 4. All the localities
from which positive sera were obtained, except Cor-
rentes, have had culture-positive plague in man or
rodents during the last decade. The numbers of each
species of rodent (all field species) with positive sero-
logical results were: 31 Z. pixuna, 1 C. callosus, and 1
0. eliurus.

In Triunfo there had been no isolations of Y. pestis
from trapped rodents since 1969. The serum of one
Z. pixuna was positive in our survey in July 1978.
Between August 1978 and August 1979, 13 isolates of
Y. pestis were obtained from rodents in Triunfo, and a
human case of plague occurred in this region.

Table 4. Rodents captured in the States of Ceara and
Pernambuco examined for PHA antibody against Fraction I
antigen of Yersinia pestis

No. of No. with Year of last
Locality animals elevated titres culture-proven

tested > 16 plague

Angelim 94 0 1967

Araripina 70 2 1976

Bom Conselho 632 17 1968

Buique 18 0 1965

Correntes 94 4 1962

Cupira 21 0 1948

Exu 336 8 1976

Garanhuns 129 0 1950

Guaraciaba
do Norte 15 0 1979

Ipu 12 0 1979

Jurema 9 0 1950

Panelas 19 0 1965

Sao Caetano 94 1 1979

Triunfo 200 1 1979

Total 1743 33

DISCUSSION

The statistics reported to the World Health Organ-
ization show that Brazil is the country that has had the
highest occurrence of human plague infection in the
Americas during the last decade (1, 10). From 1968
through 1977, Brazil reported 2031 human cases
(Table 5). This number of cases was exceeded only by
VietNam with 21 210 cases and Burma with 2669 cases
during the same period. Furthermore, Brazil has been

Table 5. Human plague in Brazil from 1968 through 19798

Year No. of cases No. of deaths

1968 285 NA

1969 293 NA

1970 101 4

1971 146 2

1972 169 13

1973 152 NA

1974 291 NA

1975 496 5

1976 97 NA

1977 1 NA

1978 53 0
1979 13 lb

8 Data for 1968-77 as reported to the World Health Organization
in the Weekly epidemiological record, 53: 273-275 (1978). Figures
for 1978 and 1979 were derived from this study. NA indicates data
not available.
b This case of rapidly fatal lymphadenitis was not confirmed as

plague by culture or serology but was considered to be a probable
case because trapping around his house produced a Z.pixuna that
died in captivity and had positive cultures for Y. pestis.

a valuable source of information on plague because it
and the United States of America are the only plague-
endemic countries in the world with active public
health surveillance programmes that employ both
bacteriology and serology for the detection of human
cases and systematic trapping of rodents to delineate
the distribution of enzootic plague foci.
The occurrence of 67 confirmed human cases of

plague during the two years of surveillance in this
study represents a decrease compared with the years
between 1968 and 1976, during which the annual
occurrence of confirmed human plague ranged from
97 to 496 cases. This decrease might be attributed, in
part, to the intensive efforts of the government to
apply insecticide dusts in houses in the areas of plague
activity, or may be a manifestation of natural biolog-
ical cycles in rodents. Macchiavello noted that plague
in some Brazilian foci follows cycles of 5-10 years
(11). In between periods of activity, plague may not be
detectable by the usual surveillance methods.

All of the patients in this study with confirmed
plague survived their illnesses and none was reported
to be severely ill. This mild nature of plague infection
in Brazil was noted in 1941 by Macchiavello, who
observed the clinical picture of mild and transitory
symptoms in children with hardened, painless lymph
nodes, which he termed "ingua de frio" (11). Never-
theless, some patients with suspected plague infection
died during the period of this study, but cultures could
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not be obtained to confirm the diagnosis. Plague in
Brazil, therefore, probably has a clinical spectrum
from mild to fatal, and the occurrence of rapidly fatal
lymphadenitis should signal the likelihood of plague
infection.
Our patients with suspected plague but negative

serological results were clinically indistinguishable
from the patients with plague. Some of them probably
had other causes of lymphadenitis, such as other
bacterial infections or infectious mononucleosis, but
further clinical studies are needed to define the causes
of non-plague lymphadenitis in Brazil. In those that
did have plague infections, the negative serological
reactions may have been attributable to a lack of
response of the patients' immune system to Fraction I
antigen of Y. pestis or to our obtaining serum
specimens too early after infection for a serological
response to be manifest.
Our results do not allow us to compare the useful-

ness of serological and bacteriological methods for the
diagnosis of plague. Ten of the eleven patients with
positive cultures had confirming positive serological
results, but 56 patients had positive serological results
with negative cultures. These negative cultures, how-
ever, were probably the result of inadequate collection
of specimens in remote field areas and of antibiotic
treatment of patients before the bacteriological exam-
inations. In this study, serology was employed in
human surveillance as an additional diagnostic test to
improve the sensitivity of detection by confirming the

presence of plague infection in patients who had
recovered from illnesses suspected of being plague.
Nevertheless, bacteriological methods are essential
because they are more specific than serological
methods.
The usefulness of plague serology in rodent surveil-

lance is more controversial because of possible non-
specific reactions in animals that have had Salmonella
and other infections that could produce antibodies
that cross-react with Fraction I antigen of Y. pestis.
Cavanaugh et al. have emphasized the necessity of
serological testing in addition to the routine bacterio-
logical cultures of tissues from dead animals because
isolations of Y pestis from animals and their ecto-
parasites may be rare and seasonal, even in active
endemic foci (4). Thus, serological testing of rodents
improves sensitivity of detection of plague infection.
Although there had been no isolations of Y. pestis
from quarantined rodents trapped in previously active
foci of Pernambuco State in 1977 and the first months
of 1978, our initial results showed that sera of 27
animals had elevated PHA titres. These animals had
been trapped in 9 localities of that State, in which
plague had been found between 1950 and 1976. Fol-
lowing this survey the laboratory isolated Y. pestis
from 13 rodents in Triunfo, one of the localities show-
ing positive serological results. Still later, a case of
human plague occurred in Triunfo. This suggests that
rodent serology could aid by predicting in which areas
plague may occur in known, recently active foci.

RISUMt

LA PESTE AU BRESIL PENDANT DEUX ANNEES DE SURVEILLANCE BACTERIOLOGIQUE ET SEROLOGIQUE

Bien que la peste sevisse au Bresil depuis plusieurs dizaines
d'ann&es dejA A 1'etat endemique, l'incidence reelle de cette
infection n'a pu etre determin& avec precision du fait qu'il
n'etait pas toujours possible d'entreprendre des cultures
bacteriennes avant le traitement aux antibiotiques et que les
epreuves serologiques faisaient defaut. L'Utude en question
rend compte des resultats obtenus dans le nord-est du Bresil
pendant une periode de deux annees avec des epreuves
serologiques (hemagglutination passive pour la recherche
d'anticorps seriques anti-Fraction IA de Yersinia pestis,
l'inhibition de l'hemagglutination servant de controle) et
avec des cultures bacteriennes pour d&tecter la peste aussi
bien chez l'homme que chez le rongeur.

Soixante-sept cas humains ont e confirmes essentielle-
ment chez des sujets du sexe masculin et des enfants, et la
plupart l'ont e sur deux plateaux, Ibiapaba et Baturite,
situes dans des regions rurales A l'interieur de l'Etat de
Ceara. Les cas etaient souvent groupes dans les memes
familles ou des maisons voisines. Des ant&edents de rats
morts A l'interieur d'une maison ou de contact avec des rats
etaient parfois signales. Ainsi qu'il ressort de la repartition
saisonniere, le point culminant a e atteint en novembre

1978, c'est-A-dire pendant la saison chaude des moissons.
Tous les cas confirmes ont surv&u A la maladie, mais durant
la meme p&iode, des cas mortels pouvant atre eventuelle-
ment imputes A la peste (mais non confirmes), ont e
observes.
La surveillance des rongeurs par piegeage et mise en

observation, suivie d'une autopsie et de la preparation de
cultures A partir des animaux morts a revele que 33 cas
etaient bacteriologiquement positifs. L'esp&e la plus com-
mune etait le rongeur des champs Zygodontomys pixuna,
provenant de foyers se trouvant dans les Etats de Pernam-
bouc et de Ceara. Une enquete serologique sur les rongeurs
provenant de foyers situes dans l'Etat de Pernambouc a mis
en evidence des titres e1eves en hemagglutination passive en
six endroits, dans cinq desquels l'existence de cas de peste
avait e demontree par culture au cours des dix annees
pr&edentes. A Triunfo, un resultat serologique positif a e
obtenu; des animaux captures par la suite ont donne des
cultures positives; un cas de peste chez l'homme a e
enregistre ulterieurement.

Ces resultats ont demontre que le nombre de cas humains
avait diminue par rapport aux annees pr&edentes, mais
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plusieurs foyers actifs subsistaient dans les Etats de Ceara,
Pernambouc et Paraiba. Les epreuves serologiques par
hemagglutination passive se sont averees utiles pour
confirmer 1'existence de cas humains de peste. En outre,

elles peuvent aider a determiner, dans le cadre de la surveil-
lance des rongeurs, parmi les foyers recemment actifs, ceux
qui le sont encore.
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