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S u m m a r y 
The aim of the study is to de termine the basel ine ant ibody tures 
,o Salmonella typhi/paratyphi , n heal thy individuals wi.h a 
v.ew to establ.sh.ng the s .gnif .eant t.tre for W.dal agglu na 
•.on test in Ilc-lfc. Wes ten , Niger .a . Th ree hundred and ten 
healthy volunteers were= admit ted .Mo the study and forty-eigh" 
clinically diagnosed and cul ture posi t ive cases of Enteric f e t c r 
were used as purposeful controls. Widal test was performed on 
each serum. Slide agglutinat ion test w a s first done then no!, 
nve s a m P l e s W C T C fur ther subjected to tube agglutination for 
quantitative titration. O f the 310 healthy volunteers 274 (97 
had reciprocal an t ibody titre of <_80 to 0 ant igen a n d 2 6 
(95.0%) had reciprocal ant ibody titre o f < 80 to H. antigen of S. 
typhi. On the other hand, in 4 8 control cases , 43 (89 6%) had 
reciprocal ant ibody titre o f > 160 to O ant igen and 38 <78 2%1 ' 
had reciprocal t.tre of > 1 6 0 to H. ant igen. The sensitivity and 
specificity of the test were 8 9 . 9 % and 9 4 . 2 % for O antibody 
and 79.2% and 92 .3% for H. ant ibody respectively. The baseline 
t.tre to 5 typhi /paratyphi for both O & H antibody is 1:80 
whilst the significant titre for O & H ant ibodies is 1:160 and 
above in Ilc-lfc, Nigeria . 
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Resume 
Le but de cettc e tude est dc de te rminer la base d 'an t icorps titres 
au salmonella typhi/ paratyphi sur les individus normaux ayant 
pour but d ' e t a b l i r la s i g n i f i c a n c e t i t r e d e T c x a m e n d e 
I'agglutination Widal a l ie - I f e , ouest du Nigeria . Trois cent 
trcnte volontaircs etaient a d m i s dans cette e tude et quarantc huit 
etaient diagnost iques c l in iquement et leur cul ture positive de 
la fievre cntcriquc etaient ut i l isccs c o m m e controlc.Les testes 
widal etaient faite sur c h a q u e echant i l lon d e serum. La lame du 
teste d'agglutination ctait faitc prcmicrcmcnt, aprcs les cchantillons 
positives etaient soumissc au tube d'agglutination pour titration dc 
quantification. Sur les 310 volontaircs, 274(97.2%) avail 1c titre dc 
anticorps rcciproquc dc < 80 dc H antigene a 0 antigene ct 265 ( 
95 0%) avait lc titre d.anticorps rcciproquc dc <80 a 1'antigcnc H. du 
S typhi. Dc Tautrc cotc. sur 48 cas dc controlc, 43 (89%) avait lc titre 
d anticorps rcciproquc > a 160 a 1 antigene 0 ct 38(78.2%) dc titre 
rcciproquc > 160 a P antigene H. La sensitivite ct la spccificitc dc cct 
examcn 89.9 % ct 94.2% pour 1 anticorps 0 ct 79.2% ct 92.3% pour 
I anticorps H. rcspcctivcmcnt. La base dc titratition du S typhi ct 
paratyphi pour les ant icorps 0 ct H est 1 : 80 a lorsquc la sificance 
du titre pour les ant icorps 0 et H est p lus dc 1 :160 dans la 
Ville d'He-Ifc, Nigeria 

Introduction 
Typhoid fever remains an impor tan t health threat in many parts 
of the world, with an es t imated 16 mil l ion cases and 600,000 
deaths occurring each year [ 1 ]. 
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There are many reports from African countries in-
cluding Nigeria of misdiagnosed typhoid fever cases based on 
a single pre-treatmcnt Widal agglutination test [2,3]. There arc 
often great problems in interpreting the Widal test results in 
patients who have previously had typhoid immunization and in 
those who live in typhoid endemic areas where raised antibody 
titres are commonly found, which do not represent current en-
teric fever [4], The minimum (baseline) agglutination titre must 
therefore be determined in individual geographical areas. The 
W idal test result is most reliable in areas where baseline titre in 
a control groups of healthy individuals in all geographical areas 
arc available [5-9]. 

When the baseline titre to Salmonella typhi and 
paratyphi in a particular geographical location is determined, 
this will aid in establishing the significant Widal test titre (diag-
nostic titre) which subsequently, will help the clinicians to in-
terpret Widal test result correctly. Some investigators have al-
ready established diagnostic Widal test titres in some countries 
[2,13] and arc being used in the diagnosis of cntcric fever in 
patients that have clinical signs and symptoms compatible with 
enteric fever. 

Definitive diagnosis o f cntcric fever depends on iso-
lating the aetiological agents from clinical specimens. When it 
is not possible to isolate Salmonella from specimens, presump-
tive diagnosis can be provided by the serological method (Widal 
reaction) and chemical method (diazo reaction] [10]. 

The importance of early diagnosis, prompt and effec-
tive treatment of enteric fevers can not be overemphasised. These 
can prevent the spread of the disease and subsequent earner 
state. More importantly, it will reduce the mortality and some 
complications of the disease [4]. 

The main aim of the study is to determine the baseline 
antibody titres to S. typhi /paratyphi in apparently healthy in-
dividuals and selected clinically diagnosed or laboratory proven 
enteric fever cases with a view to establishing the significant 
titres of Widal test in lie - Ife Nigeria. 

Ma te r i a l s and methods 
The study was conducted at the Department of Medical Micro-
biology and Parasitology of Obafemi Awolowo University 
Teaching Hospitals Complex (OAUTHC), Ilc-lfc, Nigeria. The 
town is located in the South-Western part of the country. The 
samples were obtained from healthy individuals at Obafemi 
Awolowo University (OAU), OAUTHC, and healthy volun-
teers in the town in order to cover many socio-economic groups. 
It is a descriptive study, and stratified random sampling method 
was employed to sclcct participants in different target popula-
tions. Subsequently, simple random sampling was applied to 
each stratum. Sample size was determined using the Computer 
Programmes for Epidemiological Analysis (CPEA) of 1995. 
Apparently healthy Volunteers of 12 years nnd above were re-
cruited into the study. Exclusion criteria include previous his-
tory of typhoid immunization, febrile illness with abdominal 
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pains, diarrhoea or constipations within the last 6 months and 
chronic liver disease. 

With the aid of questionnaire, relevant information 
was obtained from both the subjects and the patients. 

Five mililitrcs of venous blood was collected from 
each subject and the scrum was used for widal agglutination 
reaction. The test was performed first using slide agglutination 
method, then the posit ive samples were subjected to quantita-
tive standard tube dilution method. The antibody titres to so-
matic 'O* and flagellar ' H ' antigen were determined using Fe-
brile Ant igen Kits, manufactured by Antcc Diagnostic Product 
United Kingdom. Antibody against Vi antigen was not tested 
for. 

The Data were analysed using statistical package for 
social sc icnces(SPSS) sof tware and the sensitivity, specificity, 
positive and negat ive predictive values and test eff iciency were 
calculated. 

Resu l t s 
The results of ant ibody agglutination titres against various anti-
gens of 5. typhi and 5. paratyphi in 310 healthy subjects and 48 
enteric fever patients are shown in tables 1 and 2 respectively. 

T a b l e 1: O and H antibody titres o f 310 healthy subjects 

Type 
Organism o f 

Reciprocal antibody titres (% in parenthesis) 

< 2 0 20 40 80 160 320 640 Total 

2 4 3 15 8 8 8 282 
S typhi 0 0 0 

(78.4) (4.8) ( 2 5 ) (2-5) (2.5) (90.9) 
5. 1 1 

0 0 0 0 0 0 0 
paratyphi A (0.3) (0.3) 
S 2 2 12 7 2 25 

0 0 0 
paratyphi B . ( 0 6 ) (0.6) (3.9) (2.3) (0.6) (8.1) 
S. typhi S. 1 1 2 

0 0 0 0 0 0 
paratyphi B (0.3 (0.3) (0.6) 

243 18 11 20 16 2 
0 310 

(78.4) (5.8) (3.5) (6.5) (5.2) (0.6) 
197 17 16 35 8 4 2 279 

S. typhi H 
(63.5) (5.5) (5.2) (11.3) (2.5) ( 1 3 ) (0.6) (90) 

S. paratyphi 1 1 1 3 
H 0 0 0 0 

A (0.3) (0.3) (0.3) (0.9) 
S. paratyphi 1 3 5 2 11 

11 0 0 0 
B (0.3) (0.9) (1.6) (0.6) (3.5) 
S. paratyphi 2 4 1 7 

H 0 0 0 0 
C (0.6) ( 1 3 ) (0.3) (2.3) 
S. paratyphi 1 2 3 

1! 0 0 0 0 c i 
A + B (0.3) (0 6) (0.9) 
S. paratyphi 1 1 2 

II 0 o 0 0 0 
A+ C ( 0 3 ) (0 3) (0.6) 
S typhi + 

paratyphi B 

Total 

0 0 

197 20 

4 
0 

( 1 3 ) (0.3) 
46 17 5 

5(1.6) 

310 
(63.5) (6 5) (7.4) (14 8) (5.5) (1 6) (0.6) 

The data analysis shows that in 310 healthy subjects 
studied, 274 (97.2%)had reciprocal antibody titres of < 80 to 5. 

typhi O antigen and 265 (95 .0%) had reciprocal ant ibody titres 
of < 80 to H antigen. Only 8 (2 .8%) of the heal thy subjects had 
antibody titres o f 1:160 to S. typhi O antigen and 14 (5 .0%) had 
titres o f > 1:160 for H ant ibody (table I). S. paratyphi also 
shows similar trend. 

T a b l e 2: O and H antibody titres of S. typhi/paratyphi of 48 
enteric fever patients (control). 

Type 
Organ ism of 

Reciprocal an t ibody titres ( % in parenthesis) 

20 40 80 160 3 2 0 6 4 0 1280 Total 

1 1 2 9 10 12 5 4 0 
S. typhi 0 

(2.1) (2 .1) (4.2) (18 .8) (20 .8) (25) (10.4) (83.3) 
S. paratyphi 1 1 2 

0 0 0 0 0 0 
A (2 .1) (2 .1) (4-2) 
S. paratyphi 1 2 2 I 6 

0 0 0 0 0 
B (2.1) ( 4 2 ) (4 .2) (2.1) (12.5) 

1 1 3 12 12 14 5 
Total 48 

(2.1) (2.1) (6.5) (25) (25) (29) (10 .4) 
2 4 4 t l 10 8 1 4 0 

S. typhi II 
(4.2) (8.3) (8 .3) (22.9) (20.8) (16.7) (2 .1) (83.3) 

S. 2 2 
H 0 0 0 0 0 0 

paratyphi A ( 4 2 ) (4.2) 
S. 4 2 6 

H 0 0 0 0 0 
paratyphi B (8 .3) (4 .2) (12-5) 

2 4 4 17 12 8 1 
Total 48 

(4.2) ( 8 3 ) (8.3) (35 .4 ) (25) (16 .7) (2.1) 

Of the 48 enteric fever patients, 43(89 .4%) had recip-
rocal antibody titre of > 160 against O antigen and 38(79.2%) 
had reciprocal antibody titres of > 160 to H antigen. S. paratyphi 
shows similar pattern. It has been shown that, the pattern of 
agglutination reaction in 310 healthy subjects is waning at re-
ciprocal titre of 160, whilst in 48 enteric fever patients, there is 
a sharp peak at a reciprocal titre of 160 in both O and H anti-
bodies (tables 1 and 2). 

T a b l e 3: O and H agglutination titres of 21 culture proven 
typhoid fever patients. 

Type of Reciprocal ant ibody titres ( % in parenthesis) 
antigen 20 40 80 160 320 640 1280 

o 0 0 1 8 5 2 5 

H 
(4.8) (38.1) (23.8) (9.5) (23.8) 

H 0 0 3 6 8 4 0 
(28.6) (38.1) (19.0) 

(14.3) 

Of the 4 8 clinically diagnosed cases of entcric fever 
patients, 21 had culture positive to salmonellac from blood and 
stool specimens (table 3). The table shows 20 (95.2%) typhoid 
fever patients had reciprocal O antibody titres of 160 and above, 
and only 1 (4.8%) had reciprocal antibody titre of 80 and non 
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has less than 80. For the H antibody titres 18 (85 7%) typhoid 
fever patients had reciprocal litres of 160 and above and onlv 3 
(14.3%) had reciprocal antibody litres of 80, non has less than 
SO. 

Table 4: Significant O antibody titre of >1 :160 

Widal test 
Positive 

Widal test 
negat ive Total 

No. patients 
with disease 
No. of subjects 
without disease 
Total 

4 3 ( T P ) 

18 (FP) 
61 

5 (FN) 

292 (TN) 
297 

48 

310 
358 G T 

Kev 
TP = Trtte positive 
TN — Trite nagative 
FP = False positive 
FN = False negative 
GT = Grand total 

The sensitivity and specificity of the test were 89.9% 
and 94.2% for O antibody, while for H antibody, the sensitivity 
and specificity were 79.2% and 92.3%. The positive and nega-
tive predictive values were 70 .5% and 98 .3% for O antibody 
while for H antibody were 61 .3% and 96 .6% respectively. The 
test efficiencies were also calculated and found to be 94.9% 
and 90.5% for O and H antibodies( table 4). 

Table 5: Significant H antibody titre of > 1:160 

Widal test 
Positive 

Widal test 
negative Total 

No. patients 
with disease 38 (TP) 10 (FN) 48 
No. of subjects 
without disease 2 4 ( F P ) 286 (TN) 310 
Total 62 296 358 G T 

Key-
TP = True positive 
TN = True nagative 
FP = False positive 
FN = False negative 
GT= Grand total 

Table 6: Diagnostic accuracy of using significant antibody 
litres of > 1:160 in both O and H antibodies. 

Widal test Scnsiti 
antigen ty (%) 
dilution 

Specifi Positive 
city (%) predictive 

value (%) 

Negative 
predictive 
value (%) 

Test 
efficiency 

(%) 

0>1:160 
H> 1:160 

89.9 
79.2 

94.2 70.5 
92.3 61.3 

98.3 
96.6 

94.9 
90.5 

discussion and conclusion 
Of the 310 healthy subjects, 274(97.2%) had reciprocal anti-

ody litre of <80 to O antigen for S typhi and 265 (95.0%) had 

reciprocal antibody litre of <80 to H antigen (table I) This 

o f < T o t o V m / J O r i , y , , ° f " K S U b j C C ' S h a d r c c i p m c a l a m i b ° d y 'i 're 
m ,7 1 S't°'r"" ° " " , c 0 ! h e r 'able 2 shows 
S 9 ^ / T , n g . " ' e a " y d i a 8 » » s « l enteric fever patients 43 

•md 38(79* • 7 " : r O C a l a m i b o d y ""•« of > 160 to O antigen 
nd 38(79.2 ,„)h..d reciprocal antibody litres of > 160 to H an-
jgen . he table shows a sharp increase in the number of pa-
tents at the sei um dilution of 1/160. This study shows that the 

baseline antibody titre lo S. typhi/paratyphi in Ilc-lfc is 1/80 for 
. ° 1 a n d 11 a n*'bodics. The baseline antibody titre obtained 
in our study is similar to that of Maiduguri and Jos [ 12 J. This is 
probably because our study geographical area and population 
ie in the same latitude and arc similar in both social and health 

set up. 

Table 3 shows a breakdown of litres for 21 culture 
proven eases of typhoid fever among the 48 diagnosed clini-
ea y. 20(95.2%) and 18 (85.7%) had reciprocal O and H anti-
i ? . ] \ o l r C S ° f ~ 1 6 0 r e s P c c t i v c l y - Only 1(4.8%) patient and 
3(14.3 /0) had antibody litres of 1:80 against O and H antigens 
respectively. Considering the results obtained in both subjects 
and patients groups the litre tapered off at 1:160 in the healthy 
group while there is a peaking up of number positive in the 
patients group at 1:160. In both the subjects and control groups 
the meeting point is 1:160. Therefore the significant (diagnos-
tic) Widal 0 antibody titre can be considered as from 1:160 and 
above. 

With a sensitivity of 89.9% and 79.2% and specific-
ity of 94.2% and 92.3% for anti O and H antibodies respec-
tively (table 6), one can safely say that the significant (diagnos-
tic) titres for enteric fever in Ilc-lfc using Widal agglutination 
reaction is 1 /160 for both O and H antibodies in a patient whose 
clinical presentation is compatible with cntcric fever, the anti O 
titre being more important diagnostically than anti H titre. This 
finding is in keeping with the two studies done in Maiduguri 
and Jos, Nigeria and that of Kumasi, Ghana (2,12]. 

Single prc-treatment serum can be used to diagnose 
typhoid fever in patients with clinical signs and symptoms sug-
gestive of enteric fever if the baseline titre is determined and 
signif icant titre is established [2,12,13,14]. In this study, 
41 (84.4%) of the 48 enteric fever patients had fever for at least 
a week duration, therefore presence of fever for at least one 
week duration is an added support if single pre-trcatment sc-
rum is to be used in the diagnosis of enteric fever, if the O 
antibody litre is >160, and other causes of fever arc eliminated. 

When compared with findings outside the country, 
our findings are similar lo those from Ethiopia, Egypt and 
Kumasi Ghana. Nevertheless our significant antibody titre of 
>1/160 is less than the finding in Sudan, South Africa and Ma-
laysia where the significant titres are >1/320, >1/200 and >1/ 
320 for both O and H antibodies [2]. The significant litre in 
Singapore is >1/40 a figure much more lower than the finding 
in this study [2]. The differences in significant antibody titres 
in different geographical locations probably depend on the cn-
dcmicity of the infection in the areas which also depends on the 
sanitary condition of the area, availability of adequate and safe 
drinking water and level of food hygiene [15]. 

In the heal thy populat ion group more sub jec t s 
14(4,4%) have H antibody titres of >160 to S typhi than 
thosc8(2,5%) with O antibody titres of>160 (table I). This is 
probably due to the longer persistent of I I antibody in the circu-
lation after infection. For 5" paratyphi equal number of subjects 
10(3.2%) have reciprocal O and H antibody titres of >160. This 
could probably be due to sub clinical infection or cross reaction 
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by nontyphoidal Salmoncllac or other col iforms [ 16] (tabic 3). 5. 
Among 310 healthy subjects, 8(2.5%) have recipro-

cal O antibody titre of 160 and 14(4.4%) have reciprocal H 
antibody titre of >160 against S. typhi. Considering the sensi-
tivity and specificity, posi t ive and negative predictive values ^ 
and efficiency of the test these could be considered false posi-
tive. These false positive results could probably be due to cross-
reaction by nontyphoidal salmoncllae and other coliforms, or 
due to sub clinical infection bccause of the endcmicity of S. 
typhi infection in the geographical location of the study centre 7. 
[16]. Other causes of false positive Widal agglutination reac-
tion include; Malaria [3], Brucellosis [17], typhoid immuniza- 8. 
tion and hypcrglobulinacmic conditions [18]. 

On the other hand, among 48 typhoid fever patients, g 
only 4(8.3%) had reciprocal O antibody titre of <80 and 10(20.8) 
have reciprocal H antibody titre of <80 (table 2). These arc false 
negative results, which could probably be due to early treat-
ment with chloramphenicol , which may halt a rise in the anti-
body levels [ 13], or any appropriate antibiotic intervention early 
in the course of the infection, which may inhibit further pro- 10. 
duction of antibodies [ 16]. T h e chances of an error in diagnosis 
could never the less be totally ruled out. 

In conclusion, the baseline antibody titre to Salmonella \ j 
typhi/paratyphi in Ile-Ife has been determined as 1/80 for both ^ 
O and H antibodies. For a single prc-trcatmcnt Widal aggluti-
nation reaction to be significant or diagnostic in clinically sus-
pected cases of enteric fever in Ile-Ife, the antibody titre against 
O and H antigens or O antigen alone should be >1/160. 
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