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Introduction 

The Widal reaction has frequently been 

subjected to modifications to make it more 

specific. The widespread use of anti-typhoid 
inoculation has been an important factor inter- 
fering with the interpretation of the reaction, 
but the introduction of O-agglutination by Felix 
in 1924 for the detection of 1 infection agglu- 
tinins 

' 
as against 

' inoculation agglutinins' was 
a step forward in the diagnosis of enteric infec- 
tions. Felix claimed that O-agglutinins are 

formed only in a true enteric infection, whereas 
H-aggiutinins are found in inoculated individuals 
also and may be increased during the course of 
other fevers as a result of non-specific stimula- 
tion. 
The discovery of a third antigen in Bacillus 

typhosus, namely, the Vi antigen of Felix and 
Pitt, 1934, has been followed by its use in the 

agglutination reaction for the diagnosis of 
enteric fever. Vi-agglutination has been shown 
to be specific for detecting typhoid infection 
(Felix and Bhatnagar, 1935). The method 

employed was too complicated for routine use 
for the Vi strains available up to the present 
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also contained 0 and H antigens and the 
patient's serum had to be absorbed with a special 
strain (such as H 901, which contains both 0 
and H antigens) to remove 0 and H agglutinins 
before testing for Vi-agglutination. 

Bhatnagar, Speechly and Singh (1938) des- 
cribed a non-motile Vi strain possessing only 
traces of 0 antigen and Bhatnagar (1938) used 
this strain for detecting Vi-agglutinins in sera. 

This technique enabled him to do away with the 
complication of a preliminary absorption of the 
patient's serum with 0 and H antigens, since the 
strain Yi-I of Bhatnagar is practically insensi- 
tive to 0 and H agglutinins. 
With a view to adopting the Vi-agglutination 

test as a routine in the diagnosis of enteric 
fevers, the present investigation was undertaken. 
The series consists of 255 cases in which the 
diagnosis was established either as a result of 
a positive blood culture or, in cases where the 
culture was negative, by the temperature chart 
and other clinical findings in the cases. 

Material enjoyed 

Samples of blood received from some of the 
hospitals in the city of Madras for Widal tests 
were used also for Vi-agglutination. The 
clinical records of these cases were investigated. 
The blood samples were centrifuged, sera sepa- 
rated and stored in the refrigerator overnight 
for testing next morning. 

Technique 

The Widal test was done with a live suspension 
of H 901 from a 24-hour culture. The dilutions 
used were 1 in 25, 50, 100 and 200 and the mix- 
ture of suspension and diluted serum was in- 
cubated in the water-bath at 52?C. for 2 hours. 

Readings were taken at the end of this period, 
allowing about 15 to 20 minutes for the agglu- 
tinated bacilli to settle down. O-agglutination 
was not carried out as practically all the cases 

in this investigation had received no prophylactic 
inoculation. 

V i-agglutination 

A Vi-I strain, kindly supplied by Major 
Bhatnagar, was employed. The strain was 

maintained according to -the instructions given 
in his paper. A 24-hour culture in bullock 
heart digest saccharose agar was suspended 
in sterile normal saline, and a live sus- 

pension with an opacity of about 8,000 millions 
per c.cm. was made. We found clearer reading? 
with slightly weaker suspensions, i.e., 6 to 8 

thousand millions. A pipette was graduated so 
that 20 drops were equivalent to 1 c.cm. 

Glass tubes with a curved bottom and a 

diameter of 1 cm. and a height of 5 cm. (gene- 
rally employed in the institute for Kahn and 
Wassermann tests) were used for the serum 

dilutions. The dilutions used were 1 in 10, 25, 

50, 100 and 200, the volume of the serum dilu- 
tion being 1 c.cm. in each tube. With the 

graduated pipette mentioned above, 1 drop of 
the living suspension of Yi-I strain was put into 
each of the tubes and a control tube (with 
1 c.cm. of normal saline and 1 drop of the sus- 
pension) was also put up. The racks were well 
shaken and incubated at 37?C. for 2 hours in the 

incubator. At the end of this period, the racks 
were transferred to a cold incubator and kept 
overnight at a temperature of about 20?C. 
Readings were taken next morning. 
Room temperature in our laboratory varies 

from 30 to 35?C. We found that, if the racks 
were kept at laboratory temperature until next 
day, the readings were vitiated, probably owing 
to contamination. Keeping the racks in the 
cold incubator prevented undue contamination 
and the readings were satisfactory. The read- 
ings were taken according to instructions given 
by Major Bhatnagar. Each tube was examined 
with the naked eye as well as with the magnify- 
ing lens and the reading was confirmed by gently 
shaking the tube. In doubtful cases, the test 
was repeated. 
Out of the 255 cases, 202 gave a positive Vi- 

agglutination (1 in 10 and above) but only 160 
gave a positive H-agglutination of 1 in 25 and 
above. (In a series of 75 consecutive cases, we 
found that when the H-agglutination was nega- 
tive 1 in 25, it was also negative 1 in 10.) 
Hence, a dilution of 1 in 10 was not found 
necessary for comparison with Vi-agglutination. 
The following table gives the number and 

percentage of positive Vi-agglutination and posi- 
tive H-agglutination during different stages of 

the fever :? 

Table I 

Positive in the j Positive between Positive at a I Cases in which 
first week of 7th and 10th days later stage, i.e., ! day of fever was Total 

fever of fever beyond 10 days 
' 

not known 

Vi-agglutination .. 18 (9 per cent) ; -19 (24.3 per cent) 97 (48 per cent) 38 202 

H-agglutination .. 8 (5 ? ) ; 40 (25.0 ? ) : 82 (50 ? ) ( 30 160 
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The above figures show that only 53 (20 per 
cent) cases of enteric gave a negative Vi-agglu- 
tination, whereas 95 (37.2 per cent) cases gave 
a negative H-agglutination. 

Some special features noted during the 

investigation 
Case 1.?J. A., female, an inmate of a convent is a 

case of special interest. Her blood was taken for 
culture and Widal during an investigation into the 

source of infection in an outbreak of enteric fever m 
the convent. At the time blood was taken, she was 

^Pparently in normal health. She, however, developed 
'ever next day and was later admitted into hospital, 
the results of blood culture and Widal (on 17th 

February, 1940) were as follows:? 
Blood culture: B. paratyphosus A isolated. 

H-agglutination: Negative 1 in 10 for B. typho- 
sus (H). 

Negative 1 in 25 for B. para- 

typhosus A, B and C. 

Vi-agglutination was positive 1 in 10. 

On 24th February, the blood was again tested. 

H-agglutination was negative 1 in 10 for B. typho- 
sus (H) and B. paratyphosus A, B and C. 

Vi-agglutination was positive 1 in 25. 
typhosus but not B. paratyphosus A was isolated 

from the blood. 
Id this case, apparently, Vi-agglutination was 

demonstrable very early, immediately before the acute 
onset of the disease, and was positive in a higher dilu- 
tion one week later, whereas H-agglutination was 

Negative on both occasions. This was a mixed infection 
B. typhosus and B. paratyphosus A. 

Case 2.?Female, aged 18 years, inmate of the same 
convent. 

. On 17th February, 1940, B. paratyphosus A was 

isolated from the blood and H-agglutination was nega- 

te 1 in 10 for B. typhosus and negative 1 in 25 for 
"? Paratyphosus A, B and C. Vi-agglutination was 

Positive 1 in 50. On 24th February, H-agglutination 
Was positive 1 in 200 for B. typhosus (H) and B. para- 
typhosus A. Vi-agglutination was still positive 1 in 50. 

Paratyphosus A was again isolated from the blood, 
this case, it is not known whether the patient had 

:i mixed infection with B. typhosus as well, but the 

Possibility cannot be excluded as both cases came from 
the same convent and had been infected from the same 
s?urce at the same time. 

We are indebted to Dr. Y. S. Narayana Rao 
the King Institute for information regarding 

these two cases. 
Case 3.?Hindu male, aged 10 years, was admitted 

uito hospital with a history of continuous fever for 
about a week. On the 11th day of (he fever, the blood 
Was tested. Both H- and Vi-agglutination tests were 

Negative 1 in 10. B. typhosus was isolated from the 

blood. The blood was again tested cn the 24th daj' of 
the fever. This time H-agglutination was again nega- 

^"e 1 in 10. but Vi-agglutination was positive 1 vin 50. 

5 ??d culture was not done on the second occasion. 
I he strain isolated on the first occasion agglutinated 
with Vi, H. and O sera. 

This is a case in which the H-agglutination did not 
help in the diagnosis. The clinical picture was very 
typical and diagnosis was confirmed by positive blood 
culture. The Vi-agelutinins in this case appeared only 
late in the disease (24th day of the fever). 
Case 4.?Female, aged 14 years, admitted into hos- 

pital with continuous fever. She had been inoculated 
with T.A.B. vaccine 6 months previous to infection. 

The H-agglutination and Vi-agglutination on the 12th 
day of fever were both negative 1 in 10. B. typhosus 
was isolated from the blood on the 12th day. The 
patient died in hospital soon after, so that the tests 
could not be repeated. The strain isolated agglutinated 
with all the three sera, viz, H, O, and Vi. 
Cases 5, 6 and 7.?These 3 cases were females 

aged 25, 20, and 20 years, respectively. They were 

admitted into hospital about the same time and samples 
of their blood were sent on the same day for 
examination. 

B. paratyphosus B was isolated from the blood from 
all 3 cases and the results of the H-agglutination and 
Vi tests are as follows:? 

H-agglu- j Vi-agglu- 
tination tination 

Case 5 

Case 6 

Case 7 

B. typhosus (H) 
Para A, B and C 

B. typhosus (H) 
Para A, B and C 

B. t yphosus (H) 
Para A, B and C 

25 

+ 100 
25 

+200 
25 

+ 25 

10 

+ 50 

We are unable to explain the positive Vi-agglutinins 
in 2 of these cases, as, unfortunately, no clinical 
details were available. 

In the following 9 cases, the Vi test was repeated 
on a second occasion. In only 5 of these was the 

H-agglutination repeated. These are shown in table II. 

Conclusions 

The results in table I show that in the first 
week of the disease, a higher percentage (9 per 
cent) of cases showed a positive Vi-agglutination 
than H-agglutination (5 per cent), whereas in 
the second and subsequent weeks, there was no 
appreciable difference. The percentage of Vi- 

positive cases was 79.2, whereas the percentage 
of positive H-agglutination cases was 63. 

In 109 cases in which B. typhosus was isolated 
from the blood, 84 (77.1 per cent) gave a posi- 
tive Vi-agglutination, whereas 68 gave a positive 
H-agglutination (62.4 per cent). 
The earliest day of the disease on which a 

positive Vi-agglutination was obtained was the 
second day (case 1). The latest day on which 
Vi-agglutinins were present was the 39th day 
(case 9 ? relapse). The maximum Vi titre noted 
was 1 in 400 (complete) and 1 in 600 (partial 
agglutination). 
Out of 39 cases which were clinically not 

enteric 12 cases gave a positive Vi-agglutination, 
5 positive 1 in 10, 4 positive 1 in 25, 2 positive 
1 in 50, and 1 positive 1 in 200, whereas 5 cases 
gave positive H-agglutination, 2 cases positive 
1 in 25, 1 case positive 1 in 50, and 2 cases 

positive 1 in 200. No conclusions, however, can 
be drawn as to the specificity of the Vi test from 
these figures alone as the number is too small, 
and as there are no data available as to the 
percentage of the normal population exhibiting 
typhoid agglutinins in the blood. 
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Table II 

Day of fever H-agglutination | Vi-agglutination Remarks 

-- 10 

+ 50 

+ 50 
+ 25 

Case 8 8th day 25 
15th ? +200 

Case 9 30th day 25 

39th ? +200 

Case 10 7th day 25 

20th ? I Not done 

Case 11 7th day 25 

After 9 weeks : Not done 
when the patient 
had fully re- 

1 covered from the 
fever. 

Case 12 8th day - 10 +50 
24th ? Not done +200 

Case 13 14th day 10 10 
21st ? +200 + 25 

Case 14 11th day 10 10 
24th ? 

10 + 50 

Case 15 13th day 10 +10 
24th ? 

10 10 

Case 16 18th day +200 1 +200 
22nd ,, Not done +400 

+ 25 Clinicallv enteric. 
+ 100 

+ 25 B. typhosus (Yi strain) was isolated on the 

+ 100 30th day. Relapse? 

B. typhosus isolated from blood on 7th day- 

B. typhosus isolated on the 7th day. 

Clinically typical enteric. 

B. typhosus isolated. 

B. typhosus isolated. This strain agglu- 
tinated with Vi serum, 'H' and 'O' sera 

Clinically enteric. 

Clinically enteric. 

Statistical note by Air. Sastri, statistician of the 
University of Madras 

Positive 
reactions 

Vi-agglutination j 202 

N egative 
reactions 

53 

H-agglutination 160 95 

Total 

255 

255 

Proportion of positive reactions in Vi .. 0.7922 
Proportion of positive reactions in H .. 0.6274 

Difference .. 0.1648 

Standard error of the difference': 

-/0.7922 X 0.2078 + 0.6274 X 0.3726 
255 

0Q395 

Difference 0.1648_ 
There oie'gfancjard error of difference 0.0395~ 

Hence, the difference is highly significant and in 
detection Vi-agglutination is superior to H-agglutination. 

Positive reaction 

Vi-agglutination H-agglutination 

Enteric fever cases 202 160 
Non-enteric fever 12 5 

cases. 

214 - 165 

Out of the 214 cases giving positive reaction by 
Vi method, 94.4 per cent had enteric fever. 
Out of 165 cases giving positive reaction by H-agglu- 

i ination method, 97.0 per cent had fever. 
We have to find out whether the difference between 

the two proportions is significant or not, to test whether 

one of the methods is more efficient in making correct 
diagnosis than the other. 

Standard error of difference: 

J 0.944 X 0.56 , 0.970 X 0.030 nn01 

214 
+ 

165 

r? r Difference 0.026 _ooc> Therefore, ?t?-j = 
n ?01 

= 1.238 
Standard error 0.021 

Hence, the difference is not significant. From this 
we cannot say that the specificity of H-agglutination is 
superior to Vi-agglutination. But it must be noted that 
the number of non-enteric cases is too small compared 
with enteric cases. 
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