
SERO DETERMINATION OF THE BASELINE TITRE OF WIDAL TEST IN PORT HARCOURT, RIVERS STATE

Abstract: Enteric fever, also known as typhoid fever, is caused by Salmonella typhi, is a disease that is endemic in the tropic and sub-tropic regions of the world and has become a major public health concern in the developing world with an estimated annual incidence of 540 cases per 100,000 patients (3). Salmonella species are intracellular pathogens (11) with some serotypes causing serious illness. The study aims to sero determination of the baseline titre of Widal test in port harcourt, Rivers State. Although typhoid fever is widespread in various regions of the world, the genuine burden of the infection is weakly defined within most endemic countries. This research was carried out in Rivers State. Samples were collected from both febrile and non-febrile patients in Port Harcourt, Rivers State. This study was a comparative study, and a random sampling method was used to carry out the research. Blood samples were collected from one thousand (1000) subjects in Port Harcourt of Rivers State, which comprised febrile and nonfebrile patients attending various hospitals in Port Harcourt, Rivers State were examined. A well-designed questionnaire was administered to the patients. Ethical approval was sought and obtained from various hospitals based in Port Harcourt before commencement of the study. Sample processing for this study was the Widal test using a blood sample for both the Tube and Tile Methods. The result showed that the distribution of typhoidal antibodies of Salmonella typhi H and O using the tube method revealed that 950 (95%) of the studied population had non-significant typhoidal antibody reactions, while 50(5.0%) showed significant typhoidal antibody reactions (from 1:80 above) by the tube method. The agglutinins for enteric fever in apparently healthy individuals in the population are low. The baseline titre of Salmonella typhi O and H Widal antibody titre is 1:160. Therefore, the significant titre for the presumptive diagnosis of typhoid in Rivers State is 1:160 or above for somatic O and flagellar H antibodies, while 1:80 or below should be regarded as non-significant. Efforts should be made to intensify efforts via NGO to periodically review the baseline titre.  


                                            INTRODUCTION
1.1 	Background of the Study 
[bookmark: _Hlk205690676]Enteric fever, referring to typhoid fever and paratyphoid fever, is a common bacterial disease with high morbidity and mortality rates in low- to middle-income countries in Asia, Africa, and South America, associated with limited proper sanitation and safe drinking water supply. The World Health Organisation (WHO) estimates up to 21 million enteric fever cases and 161,000 deaths each year worldwide (Neupane et al., 2021). Enteric fever, also known as typhoid fever, is caused by Salmonella typhi, a disease that is endemic in the tropic and sub-tropic regions of the world and has become a major public health concern in the developing world with an estimated annual incidence of 540 cases per 100,000 patients (4). Salmonella typhi and Salmonella paratyphi are the bacteria that cause typhoid and paratyphoid fever, respectively.  Salmonella specie are gram-negative bacteria, motile though non-flagellated variants occur. They are found in the intestine and are called intestinal pathogens (Emmanuel Peters et al., 2022; Prathmesh Siddheshwar Kaluse et al., 2021). Although typhoid fever is widespread in various regions of the world, the genuine burden of the infection is weakly defined within most endemic countries. The well-known occurrence of multidrug-resistant typhoid fever also complicates the issue (12). Salmonella species are intracellular pathogens (11) with some serotypes causing serious illness. Nontyphoidal serotypes can be transferred from animal to human a viz. They usually invade only the gastrointestinal tract and cause Salmonella food poisoning, and their symptoms resolve without antibiotics. Salmonella species are Gram-negative 
facultative intracellular pathogens that infect their hosts via contaminated food and water. The genus Salmonella is part of the family of Enterobacteriaceae. 
The definitive diagnosis of enteric fever in patients with compatible clinical pictures is the isolation of the Salmonella from blood, bone marrow, stool or urine (8) and the demonstration of the 4 fold rise in the antibody titre to both the O and the H antigens of the organism between the acute and the convalescent phase sera, (16) and this part of the world do have paucy data on the localised antibodies titre for Salmonella infection in humans at various age gaps unlike the developed countries like the USA and Britain (11).  
Knowing the baseline Widal titre is mandatory for the proper interpretation of the Widal test and in the endemic areas, the healthy people may have antibodies which are capable of reacting up to a variable titre in the Widal test either due to a past exposure, and or cross-reacting antigens (10). 
Apart from being costly, the culture facilities are limited outside the teaching hospital, and they are not employed on a routine basis. Moreover, the isolation and the identification of the organism may take several days (19). 
1.4 Statement of Problem 
Salmonella typhi is the causative organism for typhoid fever and is one of the causes of morbidity and mortality in Nigeria (10), especially in the Niger Delta region (2). Salmonellosis has been misdiagnosed in most health facilities in Bayelsa State because of a lack of baseline titre data for different age groups in this endemic area; hence, the disease has been poorly managed as treatment is usually based on laboratory findings (6). Also, there is paucity of work done in the diagnosis of Salmonella typhi; however, the baseline titre for healthy and febrile individuals may vary widely from place to place (1), hence the need for this research. 
1.5 Aim of the Study 
The aim of the study was to determine the baseline titre of the Widal test in Rivers State
. 
1.7 Justification  
Missed diagnosis is a very dangerous aspect in the treatment of patients with Salmonella typhi infections, as treatment is usually based on diagnostic findings, which often leads to failure in treatment (15). This infection is commonly acquired under an unhygienic environment, hence the need for proper diagnosis to differentiate from other pathogenic infections.
Also, the diagnosis and treatment of Salmonella infection have been limited in this endemic environment due to an absence of baseline data for the Widal test in relation to age groups (17). This may have accounted for misdiagnosis with its attendant consequences, which may include, but are not limited to, high resistance to frequently used antibiotics. This justifies the need for this research. 


MATERIALS AND METHODS 
[bookmark: _Hlk205690621]3.1 Study Area 
This research was carried out in Rivers State. Samples were collected from both febrile and non-febrile patients in Port Harcourt, Rivers State. The State accommodates more than six hundred thousand (600,000) people according to the population census (2001) with congested habitations which add to flooding and sanitation problems of these area thereby leading to eating of contaminated foods, since there is no proper drainage or sewage disposal system, and most parts of the city get flooded during very high monsoon – type of rains that fall for half of the year. 

3.2 Study Design 
This study was a comparative study, and a random sampling method was used to carry out the research among 1000 subjects. Blood samples of both febrile and non-febrile subjects based in Port Harcourt, Rivers State, were used 

3.3 Sample Size  
To estimate the sample size of 0.801 proportion (80.1%) at a confidence level of 95% with an acceptable difference/Error Margin of 0.05 (5%). 
The prevalence of 33.5% in a similar study obtained by Okafor and Ogugua (2021) was used to determine the sample size using the formulae below: - 
[image: ] 
P = prevalence of previous study 33.5 % (Okafor and Ogugua, 2021)  
Q = 100 – p = 100 – 33.5 = 66.5  
E = Allowable error = 5%  
Z = Standard normal distribution at 95%,  CI = Confidence interval, 1.96.  
N = Number of samples to be collected 
[image: ] 
Required sample size = 273 if the proportion is 0.801, inflated to compensate for the loss of 10% of subjects.  Assumed proportion of 0.801 (80.1%) is the prevalence rate of Salmonella typhi among patients (Okonko et al., 2010). The Sample Size Calculator used was Winpepi version 11.65, under describe program version 2.72 ―K Sample size (to estimate proportion/rate/mean) (1). 
3.4 Demography 
The age, sex, geographical location, medical history of the patients, occupation, types of samples were all recorded. 
3.5 Sample Collection  
Of the one thousand (1000) subjects recruited for this study, blood samples were collected from one thousand (1000) subjects in Port Harcourt of Rivers State and samples of febrile and nonfebrile patients attending various hospitals in Port Harcourt, Rivers State, were examined. Information relating to the biological and demographic characteristics of the patients and the environment was also recorded. A well-designed questionnaire was administered to the patients. 
3.6 Exclusion Criteria 
Subjects who were on antibiotics before the date of sample collection for less than two weeks were excluded from the study. 
3.7 Inclusion Criteria 
Subjects who had not been on antibiotics for more than two weeks before the date of sample collection were included in the study.  
3.8 Control 
Subjects who had fever but had been on antibiotics and or antimalarial medication for a period of two weeks or more, Subjects who had no fever and had not been on antibiotics or antimalarial for up to 2 weeks or more, subjects who had fever and had not been on antibiotics and or antimalarial medication and subjects who had no fever and had been on antibiotics or antimalarial medications for a period of two weeks. 
3.9	Ethical Considerations 
3.9.1 Consent Form 
Informed consent from parents/guardians of the wards and outpatients was sought before the collection of samples. 
3.9.2 Ethical Approval 	 
Ethical approval was sought and obtained from various hospitals based in Port Harcourt before commencement of the study. 
3.10 Sample Processing 
[bookmark: _Hlk205690560]Sample processing for this study was the Widal test using a blood sample for both the Tube and Tile Methods.
 
3.10.1.1 Widal Examination using Blood Samples 
3.10.1.2 Tile Method  
All reagents were allowed to return room temperature and mixed very well, a drop of serum sample (25µl) was added into each reaction circle (tile) labelled as O, H, AH, BH and CH  according to given antigen solutions, 1 drop of positive control (25µl)  and negative control was added and marked PC and NC respectively followed by the addition of antigen solutions of Salmonella typhi ‗O‘, Salmonella typhi ‗H‘, Salmonella paratyphi ‗AH‘ ‗BH and CH‘ to circles labelled as O, H, AH, BH and CH respectively in which test samples has been added. It was then mixed thoroughly with the aid of an applicator stick, and the tile was rocked gently and observed for agglutination based on the rate of agglutination. 
3.10.1.3 Tube Method  
The reagents were allowed to return to room temperature and mixed very well, and 4 sets of test tubes were assembled for each individual antigen, each set containing 1- 8 tubes. 1.9 ml of 0.85% sterile saline was added to tube no. 1 of each antigen set and to tube no. 2-8 of all sets, 1 ml of physiological saline was added. 0.1 ml of the test sample to be tested was added to tube number 1 of all sets, and 1ml was transferred from tube number of all sets to tube number 2, from 2 to tube number 3, respectively and mixed very well and 1ml was discarded in each set of tube number 7, while tube 8 in all sets served as a control. So the dilutions of the serum sample from tube No. 1 to 7 respectively in each antigen set were 1:20, 1:40, 1:80, 1:160, 1:320, 1:640, 1:1280 and to all the tubes (1 to 8) of each set, one drop of  H and O Widal antigen respectively was added, mixed well and the tubes were covered and incubated at 370c overnight. The sediment button was dislodged gently and observed for agglutination.


RESULTS
The comparison of typhoidal antibodies titre of Tube and Tile method of O Antigen by different age groups, revealed that for S. typhi O antigen, 40(4%) participants and 72(7.2%) participants for both tube and tile methods respectively had typhoidal antibodies titre reaction up to 1/80 titre.
The study also revealed that 5(0.5) participants in some of the age groups had a typhoidal antibody titre reaction up to 1:160 for the tube method, and 9 (0.9%) participants in some of the age groups had typhoidal antibodies in 1/160 titre for S typhi O antigen by the tube method.
Furthermore, 5(0.5%) and 7(0.7%) participants in some of the age groups for both tube and tile methods respectively, had typhoidal antibodies up to 1/320, with the tile method having the highest number of 1:80 titre reaction of 29(8.9%) in age group  (21-30years).
The study further revealed S. paratyphi A, B, and C had 1:80 as their highest titre for both tube and tile methods, respectively, which was not statistically significant as P > 0.05 (Table 1).
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Table 1: Comparison of Typhoidal Antibody Titre by Tube and Tile of O Antigen by Age 
	 
	Number 
	<1/80 
	1/80
	1/160
	1/320

	 
	 
	Tube 
	Tile 
	Tube 
	Tile 
	Tube 
	Tile 
	Tube 
	Tile 

	S. Paratyphi A 

	
	
	
	
	
	
	
	
	

	11 - 20years 
	99 
	90 (86.9%) 
	83 (77.8%) 
	9 (9.1%) 
	16 (16.2%) 
	--- 
	 
	--- 
	 

	21 - 30years 
	323 
	299 (82.4%) 
	290 (77.4%) 
	24 (7.4%) 
	33 (10.2%) 
	--- 
	 
	--- 
	 

	31 - 40years 
	328 
	309 (81.7%) 
	301 (76.8%) 
	19 (5.8%) 
	27 (8.2%) 
	--- 
	 
	--- 
	 

	41 - 50years 
	179 
	194 (87.7%) 
	172 (81.6%) 
	5 (2.8%) 
	7 (3.9%) 
	--- 
	 
	--- 
	 

	51 - 60years 
	70 
	67 (85.7%) 
	66 (82.9%) 
	3 (4.3%) 
	4 (5.7%) 
	--- 
	 
	--- 
	 

	61 - 70years 
 
	1 
 
	1 (100%) 
 
	1 (100%) 
 
	--- 
 
	 
 
	--- 
 
	 
 
	--- 
 
	 
 

	S. Paratyphi B 

	
	
	
	
	 
 
	 
 
	 
 
	 
 
	 
 

	11 - 20years 
	99 
	99 (100%) 
	98 (98.9%) 
	--- 
	1 (1%) 
	--- 
	 
	--- 
	 

	21 - 30years 
	323 
	320(99%) 
	319 (98.7%) 
	3 (0.9%) 
	4 (1.2%) 
	--- 
	 
	--- 
	 

	31 - 40years 
	328 
	324(98.7%) 
	323 (98.4%) 
	4 (1.2%) 
	5 (1.5%) 
	--- 
	 
	--- 
	 

	41 - 50years 
	179 
	177(83.2%) 
	177(83.2%) 
	2 (1.1%) 
	2 (1.1%) 
	--- 
	 
	--- 
	 

	51 - 60years 
	70 
	70(98.8%) 
	70(98.8%) 
	--- 
	 
	--- 
	 
	--- 
	 

	61 - 70years 
 
	1 
 
	1 (100%) 
 
	1 (100%) 
 
	--- 
 
	 
 
	--- 
 
	 
 
	--- 
 
	 
 

	CONTINUATION OF TABLE 1. 
S. Paratyphi C 

	
	
	
	
	
	
	
	
	

	11 - 20years 
	99 
	94 (94.9%) 
	89 (89.8%) 
	5 (5.1%) 
	10 (10.1%) 
	 
	 
	 
	 

	21 - 30years 
	323 
	300 (92.8%) 
	298 (92.2%) 
	23 (7.1%) 
	25 (7.7%) 
	 
	 
	 
	 

	31 - 40years 
	328 
	307 (93.5%) 
	306 (93.2%) 
	21 (6.4%) 
	22 (6.7%) 
	 
	 
	 
	 

	41 - 50years 
	179 
	169 (94.4%) 
	167 93.2%) 
	10 (5.6%) 
	12 (6.7%) 
	 
	 
	 
	 

	51 - 60years 
	70 
	69 (98.5%) 
	67(95.7%) 
	1 (1.4%) 
	3 (4.3%) 
	 
	 
	 
	 

	61 - 70years 
 
	1 
 
	1 (100%) 
 
	 
 
	--- 
 
	 
 
	--- 
 
	 
 
	--- 
 
	 
 

	S. typhi O 
        
	
	
	
	
	
	
	
	
	

	11 - 20years 
	99 
	88 (88.8%) 
	65 (65.6%) 
	9(9.1%) 
	20 (20.2%) 
	1 (1%) 
	2 (2.0%) 
	1(1%) 
	2 (2.0%) 

	21 - 30years 
	323 
	308 (89.5%) 
	278 (86.0%) 
	11 (3.4%) 
	29(8.9%) 
	2 (0.6%) 
	4 (1.2%) 
	2(0.6%)
	2(0.6%) 

	31 - 40years 
	328 
	314 (95.7%) 
	291 (89.6%) 
	12(3.6%) 
	7 (2.1%) 
	1 (0.3%) 
	1
	1(0.3%) 
	3 (0.9) 

	41 - 50years 
	179 
	172 (96.0%) 
	159 (88.8%) 
	5(2.7%) 
	8 (4.4%) 
	1 (0.6%) 
	2 (1.1%) 
	1(0.6%)
	0 (0.0%) 

	51 - 60years 
	70 
	67 (95.7%) 
	58 (82.9%) 
	3(4.2%) 
	8 (11.4%) 
	 
	 
	 
	 

	61 - 70years 
	1 
	1 (100%) 
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The comparison of typhoidal antibodies titre of Tube and Tile method of H Antigen by different age groups, revealed that for S. typhi H antigen, 40(4%) participants and 78(7.8%) participants for both tube and tile methods respectively had typhoidal antibodies titre reaction up to 1/80 titre reaction
The study also revealed that 6(0.6) participants had a significant typhoidal antibody reaction for the tube method and 13(1.3%) participants for the tile method in some of the age groups in 1/160 titre for S typhi H antigen.
Furthermore, 5(0.5%) and 7(0.7%) participants in some of the age groups for both tube and tile methods respectively, had significant typhoidal antibodies in 1/320, with tile having the highest number of titre reactions of 34(10.5%) amongst the (21-30) years group.
The study further revealed S. paratyphi A, B, and C had 1/80 as their highest titre for both the tube and tile methods, respectively. This was not statistically significant at P > 0.05 (Table 2)
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            Table 2: Comparison of Typhoidal Antibodies Titre of Tube and Tile Method of H Antigen by Age 
	
	Number
	1/80<
	1/80
	1/160
	1/320

	
	
	Tube
	Tile
	Tube
	Tile
	Tube
	Tile
	Tube
	Tile

	S. Paratyphi A 0  
	
	
	
	
	
	
	
	
	

	11 - 20years 
	99 
	92 (92.9%) 
		91(91.9%) 	 	 
	7(7.1%) 
	8(8.1%) 
	 
	 
	 
	 

	21 - 30years 
	323  
	313(96.9%) 
		311(96.3%) 	 	 
	10(3.1%) 
	10(3.1%) 
	 
	 
	 
	 

	31 - 40years 
	328  
	318(96.9%) 
		321(97.8%) 	 	 
	10(3.0%) 
	10(3.0%) 
	 
	 
	 
	 

	41 - 50years 
	179  
	172(96.1%) 
		170(94.9%) 	 	 
	7 (3.9%) 
	9(5.0%) 
	 
	 
	 
	 

	51 - 60years 
	70 
	68 (97.2%) 
		64(91.5%) 	 	 
	2 (2.6%) 
	5(7.1%) 
	 
	 
	 
	 

	61 - 70years 
	1  
	1 (100%) 
	 	 
	 
	 
	 
	 
	 
	 

	 
    S. Paratyphi B 

	
	
		 
	
	
	
	
	
	 

	11 - 20years 
	99  
	83(83.8%) 
		83(83.8%) 	 	 
	16(16.2%)
	 	16(16.2%) 
	 
	 
	 
	 

	21 - 30years 
	323 
	280(86.7%) 
		278(86.1%) 	 	 
	43(13.3%)
	 	45(13.9%) 
	 
	 
	 
	 

	31 - 40years 
	328  
	294(89.7%) 
		291(88.8%) 	 	 
	34(10.4%)
	 	37 (11.3%) 
	 
	 
	 
	 

	41 - 50years 
	179  
	167(93.3%) 
		161(89.9%) 	 	 
	12 (6.7%) 
	18(10.1%) 
	 
	 
	 
	 

	51 - 60years 
	70  
	60 (85.8%) 
		59(84.3%) 	 	 
	9 (13.0%) 
	11(15.7%) 
	 
	 
	 
	 

	


61 - 70years 
 
	1  
 
	 
 
	 
	 	 
	 
 
	 
 
	 
 
	 
 
	 
 
	 
 

	

CONTINUATION OF TABLE 2
S. Paratyphi C 
	
	
		 
	 
	
 
	 
 
	
 
	
 
	
 
	 
 

	11 - 20years 
	99 
	70(70.7%) 
		69(69.7%) 	 	 
	29 (29.3%)
	 	30(30.3%) 
	 
	 
	 
	 

	21 - 30years 
	323  
	238(73.6%) 
		225(69.6%) 	 	 
	85(26.3%)
	 	98(30.3%) 
	 
	 
	 
	 

	31 - 40years 
	328  
	268(81.7%) 
		256(78.1%) 	 	 
	60(18.3%)
	 	72(21.9%) 
	 
	 
	 
	 

	41 - 50years 
	179  
	153(85.4%) 
		149(83.2%) 	 	 
	26(14.5%)
	 	30(16.8%) 
	 
	 
	 
	 

	51 - 60years 
	70 
	50 (71.4%) 
		45(64.3%) 	 	 
	20(28.6%)
	 	24(34.3%) 
	 
	 
	 
	 

	61 - 
70years 
	1 
	 
	 	 	 
	 
	1 (100%) 
	 
	 
	 
	 

	

S. typhi H 
	
	
	 	 	 
	 
	 
	 
	
	
	 

	11 - 20years 
	99  
	87 (87.8%) 
		79(79.7%) 	 	 
	8(8.0%) 
	16(16.6%) 
	2(2.0%) 
	2(2.0%) 
	2 (2.0%) 
	2(2.0%) 

	21 - 30years 
	323 
	308(95.3%) 
		315(97.5%) 	 	 
	11 (3.4%) 
	34(10.5%) 
	2 (0.6%) 
	3(0.9%) 
	2 (0.6%) 
	2(0.6%) 

	31 - 40years 
	328  
	309(94.2%) 
		321(97.8%) 	 	 
	13 (3.9%) 
	 
	1(0.3%) 
	 
	1 (0.3%) 
	3(0.9%) 

	41 - 50years 
	179 
	171(95.5%) 
		165(92.1%) 	 	 
	8 (4.5%) 
	20(11.2%) 
	1(0.0%) 
	2(1.1%) 
	 
	 

	51 - 60years 
	70 
	64(91.4%) 
		2(2.8%) 	 	 
	 
	8 (2.9%) 
	 
	6(8.6%) 
	 
	 

	61 - 70years 
	1 
	1 (100%) 
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The comparison of typhoidal antibody titre of Tube and Tile method of O antigens by gender, showed that out of 438 male subjects studied for S typhi O, 16(3.6%) had typhoidal antibodies by tube method while 36(8.2%) had significant typhoidal antibodies by tile method upto 1:80 titre whereas, female participants had 24(4.3%) and 42(7.5%) for tube and tile method respectively upto 1:80 titre for S typhi.
 The findings further revealed that the number of typhoidal antibodies that were present in 1:160 in male participants was 3(0.7%) and 6(1.3%) for tube and tile methods, respectively, while female participants had 2(0.4%) and 7(1.2%) for tube and tile methods, respectively, for S typhi H.
Furthermore, there were typhoidal antibodies present in a 1:320 titre, in which males had 2(0.4%) and 3(0.6%) for tube and tile methods, respectively, while females had 3(0.5%) and 4(0.7%) for tube and tile methods, respectively, for typhoidal antibodies. which showed statistically almost perfect agreement, concordance agreement at P<0.05 (Table 3). 







Table 3: Comparison of typhoidal antibodies of Tube and Tile method of O Antigen by Gender 
	 	Number 
		<1/80 	 
	1/80 
	1/160 
	1/320 

	 	 
	Tube 
		Tile 	 	 
	Tube 
	Tile 
	Tube 
	Tile 
	Tube 
	Tile 

	S. Paratyphi A 
Male 	438 
	 
392(89.4%) 
	 	 	 
418(95.4%) 	 	 
	 
9(2.1%) 
	 
20(4.7%) 
	 
 
	 
 
	 
 
	 
 

	Female 	562 
	450(80.1%) 
	429(76.3%) 	 	 
	53(9.4%) 
	67(11.9%) 
	 
	 
	 
	 

	 	 
S. Paratyphi B 
Male 	438 
	 
 
434(99.0%) 
	 	 	 
 	 	 434(99.0%) 	 	 
	 
 
4(0.9%) 
	 
 
4(0.9%) 
	 
 
 
	 
 
 
	 
 
 
	 
 
 

	Female 	562 
 	 
	557(99.1%) 
 
	557(99.1%) 	 	 
 	 	 
	5(0.9%) 
 
	5(0.9%) 
 
	 
 
	 
 
	 
 
	 
 

	S. Paratyphi  C 
Male 	438 
	 
414(94.5%) 
	 	 	 
411(93.8%) 	 	 
	 
24(5.5%) 
	 
27(6.2%) 
	 
 
	 
 
	 
 
	 
 

	Female 	562 
 	 
	526(93.5%) 
 
	524(93.2%) 	 	 
 	 	 
	36(6.4%) 
 
	38(6.8%) 
 
	 
 
	 
 
	 
 
	 
 

	S. typhi H 	 
Male 	438 
	 
417(95.2%) 
	 	 	 
393(94.2%) 	 	 
	 
16(3.6%) 
	 
36(8.2%) 
	 
3(0.7%) 
	 
6(1.3%) 
	 
2(0.4%) 
	 
3(0.6%) 

	Female 	562 
	433(77.0%) 
	509(90%) 	 	 
	24(4.3%) 
	42(7.5%) 
	2(0.4%) 
	7(1.2%) 
	3(0.5%) 
	4(0.7%) 


 


The comparison of typhoidal antibody titre of Tube and Tile method of H antigens by gender, showed that out of 438 male subjects studied for S typhi H, 27(6.16%) had typhoidal antibodies by tube while 46(10.5%) had typhoidal antibodies by tile method upto 1:80 titre whereas, female participants had 13(2.3%) and 32(5.6%) for tube and tile method respectively upto 1:80 titre for S typhi H.
 The findings further revealed the number of typhoidal antibodies that were present in 1:160 in males was 2(0.5%) and 6(1.1%) for tube and tile methods respectively while female participants had 3(0.5%) and 7(1.1%) for tube and tile methods, respectively for S typhi H.
Furthermore, there were typhoidal antibodies present in 1:320 titre in which males had 2(0.5%) and 3(0.7%) for tube and tile methods respectively while female had 3(0.5%) and 4(0.9%) for tube and tile methods, respectively for the presence of typhoidal antibodies. which showed some statistically almost perfect agreement concordance agreement at P<0.05 (Table 4). 
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Table 4: Comparison of typhoidal antibody titre of Tube and Tile method of H Antigen by Gender 
	 	Number 
	1/20 	 
	1/80 
	
	1/160 
	
	1/320 

	 	 
	
	Tube 
		Tile 	 	 
	Tube 
	Tile 
	Tube 
	
	Tile 
	Tube 
	Tile 

	S. Paratyphi A Male 
	438 
	 
365(83.3%) 
	 	 	 
 411(93.8%) 	 	 
	 
23(5.3%) 
	 
27(5.6%) 
	 
 
	
	 
 
	 
 
	 
 

	Female 
 
	562 
 
	549(97.6%) 
 
	 543(96.6%) 	 	 
 	 	 
	13(2.3%) 
 
	19 (3.4%) 
 
	 
 
	
	 
 
	 
 
	 
 

	S. Paratyphi B Male 
	438 
	 
389(88.8%) 
	 	 	 
 382(87.2%) 	 	 
	 
49(11.2%) 
	 
56 (12.8%) 
	 
 
	
	 
 
	 
 
	 
 

	Female 
 
	562 
 
	497(88.4%) 
 
	 493(87.7%) 	 	 
 	 	 
	65(11.6%) 
 
	69(12.3%) 
 
	 
 
	
	 
 
	 
 
	 
 

	S. Paratyphi C Male 
	438 
	 
340(77.6%) 
	 	 	 
327(74.6%) 	 	 
	 
98(22.4%) 
	 
111(25.3%) 
	 
 
	
	 
 
	 
 
	 
 

	Female 
 
	562 
 
	438(77.9%) 
 
	438(77.9%) 	 	 
 	 	 
	124(22.1%) 
 
	128(22.7%) 
 
	 
 
	
	 
 
	 
 
	 
 

	S. typhi H Male 
	438 
	 
407(92.9%) 
	 	 	 
405(92.4%) 	 	 
	 
27(6.16%) 
	 
46(10.5%) 
	 
2(0.5%)
	 	6
	 
((1.1%) 
	 
2(0.5%) 
	 
3(0.7%) 

	Female 
	562 
	543(96.6%) 
	524(93.2%) 	 	 
	13(2.3%) 
	32(5.6%) 
	3(0.5%)
	 	7(1.1%) 
	3(0.5%) 
	4(0.9%) 








                                                  DISCUSSION

[bookmark: _Hlk205690496]The distribution of typhoidal antibodies of Salmonella typhi H and O using the tube method revealed that 950 (95%) of the studied population were non-significant for typhoidal antibodies, while 50(5.0%) showed significant typhoidal antibody reactions (from 1:80 above) by the tube method.
On the other hand, the tile method revealed that 98(9.8%) of the population studied had significant typhoidal antibody titre from 1:80 and above, while 902 (90.2%) had non-significant antibody titre. S. paratyphi A, O, and H had a typhoidal antibody titre of 1:80 below; the low positive titres for S. paratyphi A, O, and H in this study among the population suggest that paratyphoid and typhoid fever caused by S. paratyphi A, Typhi O, and Typhi S is less prevalent in this region. This finding also agrees with the work of (5), who reported a low occurrence of Salmonella paratyphi antibodies in the population they studied. Other researchers have also found low Salmonella paratyphi A antibodies in their studies (24, 7 and 19). 
The evaluation of the distribution of typhoidal antibodies of Salmonella typhi O using the Tube dilution method revealed that agglutinins for all the antibodies tested occurred up to 1:80 in 0.4-9.0% of the population. Thus, for application in practice, titres occurring in more than 5% of the population under study are not considered diagnostically significant and are regarded as standard in the population (3).  
Considering the titre of febrile and non-febrile subjects as shown in the tube and tile method, the result showed that Salmonella O antibody titre of 1:160 occurred in 2 - 3.4% and S. H antibody titre occurred in 2-4.8% of febrile subjects for the Tube and tile method, respectively. The non-febrile subjects displayed Salmonella O antibody titre of 1/80 in 1.5 – 2.9% and Salmonella H antibody titre of 1.4-2.3%. The cut-off level for a single antibody titre in the present study was ≥1:80 for Salmonella O and ≥1:80 for Salmonella H, which was in support of the report of (15), from their study conducted in Ibadan, Nigeria. He reported that for practical purposes, titres occurring in more than 5% of the subjects under study were not diagnostically significant and should be regarded as usual in that population. 
This study then implies that titres of 1:20, 1:40, and 1:80, for Salmonella O and titres of 1:20, 1:40 and 1:80 for Salmonella H, which occurred in a significant proportion of the study population, should all be regarded as typical non-significant baseline titres in the population. Consequently, titres greater than 1:80 for Salmonella O and greater than 1:80 for Salmonella H should be used in the presumptive diagnosis of typhoid fever in the study area (Rivers State) for the single serum Widal test. The outcome of this result agrees with the findings of (8), in South-Eastern Nigeria, (20), in Borno (North East), (5), and (6) in Zaria (North Central), northern Nigeria. However, it differs from the findings of (9) in Kumasi, Ghana, where titres greater than 1:160 and greater than 1:320 were diagnostic for S. Typhi antibodies O and H. These disparities could be due to the standards of living related to (10).  
Ideally, the slide technique is a screening test for Salmonella agglutinins, and all positive samples from the slide test must be confirmed using the tube dilution method (10 and 23). Comparing the distribution pattern of the antibody titres seen in the tube method with the quick tile method reveals the reasons for the over-reported cases of typhoid in many centres. The widal tube method and the quick tile technique using the paired-sample t-test show a statistical difference which was significant. As such, where the use of paired sera samples is possible for the confirmation of typhoid diagnosis, it is advisable to confirm the result of the Widal test by observing a rise in the titer of the second sample. The second Widal test has been reported to have a sensitivity and specificity of over 90% (21). 
Comparison of data from other researchers in other centres revealed differences and relationships. However, there is a similarity in the distribution of data presented in the quick tile method in this study and the distribution presented by (20), who studied the Widal baseline titre in Abeokuta, southwestern Nigeria. It was discovered that (8) employed a modified tile approach in their research. In addition, the distribution in this study matches that of (9) in Ghana, who found no Salmonella paratyphi AO or H antigens, claiming that this was due to the conventional microtiter plate technology utilised. Accordingly, the findings revealed that 1.5 per cent to 2.9 per cent of non-febrile participants exhibited typhi O antigen levels of up to 1/80. The difficulties' clinical history was established, although it cannot be overstated with confidence. Antigenic stimulation or infection with cross-reacting organisms other than enteric fever might explain the elevated antibody titre. For example, a cross-reaction between Citrobacter freundi, generally innocuous gut bacteria, might lead to the misdiagnosis of typhoid bacilli with antigenic characteristics similar to Salmonella. (23). This could lead to confusion in the serological diagnosis of typhoid fever. Therefore, there is a need for serological findings to be interpreted cautiously, particularly in a country like Nigeria, where there are yet to be laid down standard baseline titres (10). 
This study further informed that typhoidal antibodies agglutinins are common among apparently healthy people. Therefore, Titers beyond 1/80 should be an index of a presumptive diagnosis of typhoid fever. Hence Poor diagnosis could lead to the emergence of resistant strains of diseases (21), due to indiscriminate administration of antibiotics when it is not needed. 
This study observed that cross-reactions are most present among the S. Typhi O, H, and S. paratyphi H antibodies. The antibodies which occur in a much greater titre than would be expected from the antigen pattern of the indigenous Salmonella may be natural antibodies unrelated to antigen stimulation, or this may arise as a result of infection with cross-reactive organisms (18). Most cross-reactions are often pseudo-agglutinations formed by other weak bonds such as hydrogen bonds, plasma proteins, and Vander Waals' forces. Such weak bonds can be eased off by titrations and dilutions using the standard tube dilution method for Widal testing. 
Strikingly, few samples that gave negative results in the quick slide method produced slightly positive results after dilution in this study. When the ratios of antigens to antibodies are not optimal, false-negative results may occur. The effects of plasma proteins can also give false-positive results. Time and optimal temperatures are also factors that could affect the antigen-antibody reaction (20). In general, dilution with saline improves the specificity of antibody and antigen reactions. These factors play influential roles in the results produced by the tube dilution method. Another critical factor in achieving good work in diagnosing typhoid and paratyphoid infections using the Widal technique is the quality of antigens. The need for centres to use standardised antigens for Widal testing cannot be overemphasised. The purity of antigens employed in the assay helps in reducing cross-reactions. 
Comparing the quick tile method and the tube dilution showed a weak relationship between the two processes. However, the distribution of agreement/degree of concordance between the tube and tile method revealed a substantial agreement between the two methods, and this observation was significant. 
Furthermore, a comparison of the two methods using their geometric mean and standard deviation gave a p-value of P < 0.001 for all groups compared. This also shows that there is a significant difference between the tube method and the quick slide method. This finding is similar to the result reported by (6) in Zaria, where an equivalent level of difference in the Tile and Tube method was reported. This clearly shows that the quick tile method used in diagnosing typhoid in many laboratories and hospitals is inappropriate and lacks accuracy.  
Moreover, sharing of O and H antigens by other members of Enterobacteriaceae makes the role of the Widal test even more controversial in diagnosing typhoid fever (14). This research had suggested and discouraged using just the tile method as definitive for diagnosing typhoid fever rather than a suggestive diagnosis (4). Another study also illustrates that a single Widal test may increase the chance of misdiagnosis, and a four-fold rise in titer after 7- 10 days is more diagnostic for typhoid fever (22). 
The high seropositivity found in the current study is attributable to inadequate food and personal hygiene, and lack of potable water, which had been frequently cited as significant risk factors contributing to high seropositivity of enteric fever (24). Moreover, people living in endemic areas like Rivers State are supposed to have background antibodies due to old or repeated infection with agents causing enteric fever or other Salmonella serotypes that can react with the Widal test. This also supports our earlier position that a single Widal test might not be of great diagnostic relevance in adolescents and adults residing in endemic areas, as it led to overdiagnosis and over-reporting. In another vein, the background or baseline level of antibody to enteric fever determined in the healthy population in this study showed that almost all the blood tested showed some titre of the Typhoidal antibody reactive to Slide and Tube agglutination tests (9). This also indicates low clinical diagnostic reliability of the Widal test (8).
                                          CONCLUSION/ RECOMMENDATIONS

[bookmark: _Hlk205690442]The agglutinins for enteric fever in apparently healthy individuals in the population are low. The baseline titer of Salmonella typhi O and H Widal antibody titre is 1:160. Therefore, the significant titre for the presumptive diagnosis of typhoid in Rivers State is 1:160 or above for somatic O and flagellar H antibodies, while 1:80 or below should be regarded as non-significant. The significant titre for S. paratyphi A antibodies for presumptive diagnosis of paratyphoid using Widal technique is > 1:80 for both O and H agglutinins, and it is recommend that efforts must be made to confirm the diagnosis by paired sera investigation, more than is presently the case and assessment of the Widal baseline titre for healthy individuals in a specific geographical area should be reviewed regularly.  
5.4 	Contributions to Knowledge 
This study has contributed to knowledge in the following ways: 
1. It has established the baseline titre for febrile and non-febrile persons in Rivers State, formally found to be unknown. 
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