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Comparison of Serological and Bacteriological
Methods in the Confirmation

of Plague Infections*
L. J. LEGTERS,1 A. J. COTTINGHAM, JR,2 & D. G. HUNTER3

A recent, defined outbreak of bubonic plague in a remote area of the central highlands
of Viet-Nam provided an opportunity to undertake studies of antibody production during
the course of infections with Pasteurella pestis (Yersinia pestis). The haemagglutination
(HA) test of Chen & Meyer, modified to a microtechnique, was used in studies ofpatients
with clinical plague, and in studies of unvaccinated, asymptomatic contacts of plague
patients.

HA antibody was demonstrated in the sera ofnearly 45 % of the unvaccinated, asympto -

matic contacts of plague patients, and a large proportion of these exhibited 4-fold or
greater rises in titre during the outbreak. In 6 of the 16 clinical plague cases, the diagnosis
could not be confirmed by bacteriological methods; however, 5 of the 6 exhibited HA
antibody in sera collected on admission or in second sera collected 9-14 days later or in both.
Of the 5 with positive sera, 4 had very mild clinical illnesses (pestis minor). These findings
were in sharp contrast to those among the 8 surviving, bacteriologically confirmed cases,
most of whom had clinically very severe illnesses. Only 1 of the 8 had demonstrable plague
HA antibody in acute and early convalescent sera; however, all of the latter on whom
follow-up studies could be obtained exhibited HA antibody in sera collected 1-112 months
later.

These findings indicate that natural active immunization with P. pestis was occurring
during the outbreak, and further, that developing immunity from earlier subclinical infec-
tions may have accounted for amelioration of clinical signs and symptoms, as well as for
failure to isolate P. pestis in patients with pestis minor.

HA tests may be particularly useful in confirming the diagnosis ofplague if employed
with sera collected 3-6 weeks after the onset of illness. The HA test would appear also,
to provide a highly reliable tool in surveys for plague in areas of unknown endemicity,

Studies by McCrumb et al. (1955) in Madagascar
established the usefulness of a variety of standardized
serological techniques in detecting circulating anti-
bodies to Pasteurella pestis (Yersinia pestis) in pa-
tients convalescing from pneumonic plague infec-
tions. Of the several serological tests employed,
the haemagglutination (HA) test of Landy & Trapani
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(1954) displayed the greatest sensitivity. HA anti-
bodies could be demonstrated in high titre in con-
valescent sera collected 7-22 days after the onset of
illness in all but 1 of the 18 patients studied.
Meyer (1964) has suggested that HA or comple-

ment-fixation (CF) tests of single sera collected from
suspected plague patients, on the day of discharge
from treatment, may be a reliable means of estab-
lishing a diagnosis when bacteriological methods
cannot be utilized. This opinion was based on
studies of 25 clinically suspected plague cases in
Ovamboland, South West Africa (Namibia), in which
positive reactions were demonstrated with HA and
CF tests for plague in 80% and 52% of sera collected.
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6-55 days after the onset of illness. On the other
hand, Marshall et al. (1967), working in Viet-Nam,
were unable to demonstrate 4-fold or greater rises
in plague HA antibody titre in paired sera collected
3-20 days apart from approximately one-half of
69 cases of clinical bubonic plague; and single sera
collected from 291 patients at varying intervals
(0-10 days) after the onset of clinical bubonic plague
were unreactive by the plague HA test in over 70%
of cases.
A recent, defined outbreak of 16 confirmed or sus-

pected clinical plague cases in one remote area of
the central highlands of Viet-Nam provided an
opportunity to undertake studies of plague HA
antibody responses, both in bacteriologically con-
firmed and unconfirmed plague cases, and in unvac-
cinated, asymptomatic contacts of patients. Sero-
logical studies of the latter were undertaken to
ascertain whether subclinical infections with P,pestis
were being acquired concurrently with the clinical
plague cases. The haemagglutination test utilizing
P. pestis Fraction I (Fl) antigen, originally described
by Chen & Meyer (1954) and modified to a micro-
technique by Cavanaugh et al. (1965), was employed.
Blood cultures obtained in Difco Bacto blood-
culture bottles, and throat swabs and bubo aspirates
inoculated into Cary-Blair (Cavanaugh et al., 1967)
holding media were processed in the Laboratory of
the US Army Medical Research Team (WRAIR)
Viet-Nam and the Institut Pasteur, Saigon, in accor-
dance with procedures described by Marshall et al.'

RESULTS

Of the 16 cases, 10 were confirmed by isolation
of P. pestis. Of the 10 bacteriologically confirmed
cases, 9 had clinical bubonic plague and 1 had pri-
mary septicaemic and possibly pulmonary plague.
There were 2 deaths. A total of 6 cases of clinical
bubonic plague were bacteriologically unconfirmed,
in spite of efforts to isolate P. pestis from bubo-
aspirate and blood. An additional patient (X), hos-
pitalized for reasons other than plague, and 1 non-
hospitalized contact (Y), exhibited P. pestis-positive
throat cultures on 1 occasion each.

In some instances, the patients were treated only
with streptomycin, 1 g-3 g daily (depending upon the
age of the patient) in divided doses. Critically ill
patients, and those who failed to achieve a satisfac-

1 In: Annual Progress Report, I September 1965-31 August
1966, USA Medical Research Team (WRAIR) Viet-Nam and
Institut Pasteur, Saigon, p. 43.

TABLE I
RESULTS OF PLAGUE HA TESTS OF SERA

FROM 6 BACTERIOLOGICALLY UNCONFIRMED CASES
OF CLINICAL BUBONIC PLAGUE

HA titres (serial sera) a
Patient no. ___

1 2 3

12 b ,0 8 8

15 b o O _

17 b 16 16 32

19 16 16 -

20 b 32 32

21 b 0 32

a Reciprocals of serum dilutions. Second sera were col-
lected 9-14 days after the first, and third sera were collected
after a further 1-1 1 months.

b Patients with pestis minor.

tory clinical response on treatment with strepto-
mycin, received chloramphenicol, 1 g-2 g daily in
divided doses, in addition to the streptomycin.
Of the 6 bacteriologically unconfirmed cases of

clinical bubonic plague, 5 exhibited significant plague
HA antibody in sera collected on admission or in
second sera collected 9-14 days later or in both
(Table 1). Of the 5 with an early serological response,
4 had very mild illnesses (" benign " plague or pestis
minor). In contrast, only 1 of 8 surviving, bacterio-
logically confirmed cases exhibited significant plague
HA antibody in initial and second sera collected
9-14 days apart (Table 2), and only 1 of the 8 had
pestis minor. However, 5 of the bacteriologically
confirmed cases without detectable plague HA anti-
body in initial or second sera, on whom follow-up
studies could be carried out, exhibited significant
plague HA antibody in third sera collected 1-1'/2
months later. In only 1 of the 16 suspected cases
were bacteriological and serological methods both
unsuccessful in sustaining the clinical impression of
bubonic plague.
Of 37 unvaccinated, asymptomatic contacts of

plague patients, 10 (27.1 %) showed 4-fold or greater
rises in plague HA antibody titre in paired sera col-
lected 2 weeks apart during the outbreak. A further 8
(21.6 %) exhibited plague HA antibody in initial sera,
and no increase in titre, or less than a 4-fold increase
in titre. In general, those persons who exhibited
a 4-fold or greater rise in titre had initial sera col-
lected earlier than those without 4-fold rises in
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TABLE 2
RESULTS OF PLAGUE HA TESTS OF SERA FROM
THE 8 SURVIVING BACTERIOLOGICALLY CONFIRMED

CASES OF PLAGUE

TABLE 3
RESULTS OF PLAGUE HA TESTS OF PAIRED SERA
FROM UNVACCINATED, ASYMPTOMATIC CONTACTS

OF PLAGUE PATIENTS

Patient no.

4

5

6

7 b

8

9

11

16

HA titres (serial sera) a

0

0

0

0

0

0

0

16

2

0

0

0

0

0

0

0

16

Patient no.
3

256

32

32

'64
128

32

a Reciprocals of serum dilutions. Second sera were col-
lected 9-14 days after the first, and third sera were collected
after a further 1-1y, months.

b Patient with pestis minor.

titre (see Table 3). Plague HA antibody was demon-
strated in single sera from 8 (38.1 %) of 21 additional
unvaccinated, asymptomatic contacts ofplague cases.

Neither of the individuals without clinical mani-
festations of plague who had P. pestis isolated from
the throat (patients X and Y) exhibited plague HA
antibody in any of 3 serum specimens collected over
a I /2-month period. The presumed source of these
pharyngeal infections was the patient with septi-
caemic and possible pulmonary plague referred to
above. PatientX was a local child who was suspected
of having pneumonic plague on admission; however,
a throat swab, multiple sputa, and a blood culture
taken on admission were negative for P. pestis.
She was treated presumptively with streptomycin and
responded promptly. After 3 or 4 days, just as her
hospital discharge was being contemplated, her
young sibling was admitted with clinical bubonic
plague. In spite of continued streptomycin treat-
ment, a throat culture taken on the eventual day
of discharge was positive for P. pestis. This patient
was seen again 1 month later and was in apparent
good health. A throat culture at that time was
negative for P. pestis. There had been no illnesses or
deaths among members of the immediate family, and
throat cultures from family members were negative
for P. pestis. Patient Y was one of the authors who
had been receiving streptomycin for several days
at the time the positive throat culture was obtained.

2

3 b

4

5

6

7

8
g b

Jo b

11

12 b

13 b

14 b

15 b

16b
17

18

Date of initial
serum collection

25 Feb.

27 Feb.

13 Mar.

13 Mar.

13 Mar.

13 Mar.

13 Mar.

13 Mar.

14 Mar.

20 Mar.

26 Mar.

26 Mar.

26 Mar.

26 Mar.

27 Mar.

31 Mar.

2 Apr.

3 Apr.

HA titres a

1 1 2

32

64

64

0

0

16

0

0

32

32

0

64

32

8

32

16

0

0

128

1 024

128

32

16

64

256

32

32

32

32

64

32

16

32

8

32

8

a Reciprocals of serum dilutions. Interval between col-
lection of sera was approximately 14 days.

b No rise in titre, or less than a 4-fold rise in titre.

This author had received plague (Cutter) immuniza-
tions at 12-month intervals for the previous 3 years.

DISCUSSION

The demonstration of significant plague HA anti-
body titres in sera from nearly 45% of unvaccinated,
asymptomatic contacts of plague patients, and of
4-fold or greater rises in titre in a large proportion
of such contacts, indicates that natural, active,
immunization with P. pestis was occurring during the
outbreak. During the survey period, 1 case of
typhoid fever was discovered and it is possible that
other Salmonella infections were present in the
population at the time. It is thought to be unlikely,
however, that Salmonella infections could have
accounted for the increase in HA titre in the unvac-
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cinated, asymptomatic contacts, as Currie, Marshall
& Crozier (1966) have shown that P. pestis antisera
do not cross-react in high dilution in haemagglutina-
tion tests with S. typhosa or S. typhimurium antigens,
although cross-reactivity of P. pseudotuberculosis
antisera with Salmonella and P. pestis antigens was
demonstrated, but at lower titres than with homo-
logous antigens.
The presence of plague HA antibody in acute or

early convalescent sera or both, from 5 of the 6 bac-
teriologically unconfirmed cases, compared with only
1 of the 8 surviving, bacteriologically confirmed cases,
and the apparent association of benign illnesses with
an early serological response, suggest that develop-
ing immunity from earlier subclinical infections may
have accounted for amelioration of clinical signs and
symptoms, as well as for failure to recover P. pestis
from bubo aspirate in patients with pestis minor.

There is no adequate explanation for the absence
of antibody response in the 2 individuals without
clinical manifestations of plague, except that perhaps
the antibiotic treatment they were both receiving
prevented systemic infections; however, the demon-
stration of a positive throat culture in patient X after
cessation of treatment with streptomycin, and the
fact that no illness occurred after antibiotics were
withdrawn, suggest that the pharyngeal infection in
this case was somehow self-limited. Nasopharyngeal
washings were obtained from both patients in an
effort to determine whether they had detectable local
antibody, and these tests were negative.
The data indicate that plague serodiagnostic meth-

ods should be considered adjuncts to (but not sub-

stitutes for) bacteriological methods. Reliance only
upon examinations of single sera collected on the
day of discharge from treatment would have resulted
in failure to confirm a diagnosis of plague in 10 of
the 16 clinically suspected cases, 9 of whom were
confirmed to have plague by bacteriological methods.
Results of the current study suggest that plague HA
tests may be particularly useful in confirming the
diagnosis (l) early (i.e., within 2 weeks) after onset
in patients with pestis minor, or (2) following
recovery (3-6 weeks after onset) from clinically
severe infections.

In a recent survey of a plague-free area in north-
east Thailand, Cavanaugh (personal communica-
tion) was unable to demonstrate plague HA antibody
in any of approximately 1200 individuals examined.
These results are in sharp contrast to those of the
current investigation in an epidemic area, in which
nearly 45 % of unvaccinated, asymptomatic contacts
exhibited serological evidence of plague infection.
The plague HA test would appear to be a very
useful and reliable tool in surveys for plague in
areas of unknown endemicity. It is further evident
that attack rates from clinical plague will be con-
siderably overestimated, if results of retrospective
serological surveys are interpreted without regard to
the previous clinical history of each individual
examined.
The findings substantiate reports by other workers

(Meyer, 1964; Cavanaugh et al., 1965) on the use-
fulness of Cary-Blair holding media in the transport
of specimens containing P. pestis from remote, rural
areas to definitive laboratory facilities.

RESUMME

CONFIRMATION DE L'INFECTION PESTEUSE: COMPARAISON ENTRE LA METHODE SEROLOGIQUE
ET LA MITHODE BACTtRIOLOGIQUE

Une epidemie limitee de peste bubonique qui a eclate,
il y a quelque temps, dans une region montagneuse
reculee du centre du Viet-Nam a fourni l'occasion
d'etudier la reponse en anticorps au cours des infections
par Pasteurella pestis (Yersinia pestis). On a utilise une
microtechnique deriv&e de l'epreuve d'hemagglutination
(HA) de Chen & Meyer pour ces investigations qui ont
porte sur des malades pr6sentant les signes cliniques de
la peste, ainsi que sur des contacts non vaccin6s, asympto-
matiques, de malades atteints de peste.
On a trouve des anticorps hemagglutinants dans le

serum de pres de 45% des contacts; chez un nombre
important d'entre eux, le titre de ces anticorps a au moins

quadruple pendant l'epidemie. Chez 6 des 16 cas cli-
niques de peste, le diagnostic n'a pu etre confirme par les
methodes bacteriologiques, mais le serum de 5 d'entre
eux contenait des anticorps HA, soit au moment de
l'hospitalisation, soit lors des prelevements effectues de
9 a 14 jours plus tard, soit dans les deux cas. Sur les
5 malades chez lesquels les examens serologiques etaient
positifs, 4 n'ont presente que des manifestations cliniques
tr&s benignes (pestis minor). Par contre, la plupart des
8 malades qui ont survecu et qui etaient atteints d'une
infection pesteuse confirmee par les examens bacterio-
logiques ont presente des manifestations cliniques tres
graves. On n'a decele d'anticorps HA antipesteux en
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quantite appreciable dans les serums preleves pendant la
phase aigue et au debut de la convalescence que chez un
seul de ces 8 malades, mais, chez tous ceux d'entre eux
qui ont subi ult6rieurement des examens de contr6le,
on notait la presence d'anticorps HA dans les serums
preleves 1 mois ou 1 mois 1/2 plus tard.

11 ressort de ces observations qu'une immunisation
naturelle active a l'egard de P. pestis s'est produite
pendant la poussee epidemique; il semble, de plus, que
l'on puisse attribuer A une immunit6 acquise lors d'infec-

tions subcliniques anterieures la benignite des sympt6mes
ainsi que l'impossibilite d'isoler P. pestis chez les malades
atteints de peste mineure.

Les epreuves d'hemagglutination peuvent se reveler
particulierement utiles pour confirmer le diagnostic de
peste lorsqu'elles sont appliquees a des serums recueillis
3 a 6 semaines apres le debut de la maladie. I1 serait parti-
culierement avantageux d'y recourir a l'occasion des
enquetes menees dans des regions oiu l'on ne connait pas
le degre d'endemicite de la maladie.
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