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Abstract: Diagnosis of typhoid fever is difficult because it is non-specific symptoms and signs with
those of other acute febrile illness. Blood cultures, and antibody levels of O& H, were evaluated, in
the diagnosis of typhoid fever in Egyptian hospitals. Patients were divided into three groups: (I) 254
with blood culture-confirmed typhoid, (II) 3426 febrile patients with negative blood cultures, and (III)
176 with other bacteremic pathogens. In-group (I), 77% had (O&H) antibody titers � 1:160, compared
to 12% of group (II), and 8% of group (III). Among group (1), 73% of patients were culture positive
for typhoid, in the first week after symptom onset as compared to 89% in the second week and later.
The Widal titer of � 1/160 had sensitivity of 77 %, and specificity of 89%. In the first week the
sensitivity of confirmed blood cultures, and antibody titer of � 1/160, are almost the same, while in
the second week and after, the positive Widal serology is much higher than the confirmed blood
cultures.  The O and H antibody titers of � 1/160 of single Widal test is useful in the diagnosis of
typhoid fever. 

Key wards: Evaluation of blood culture and prevalence of O&H antibodies in typhoid diagnosis,
Widal and diagnosis of typhoid fever, Widal and blood culture tests in hospitals

INTRODUCTION

Typhoid fever (TF), continues to be an important health problem in many developing countries (Hatta et

al, 2002), with an approximately 16 million cases occurring worldwide annually (Parry, 2004). In Egypt the
estimated incidence of typhoid fever is 59/100,000 persons / year (Srikantiah et al, 2006). Since the signs and
symptoms of the disease are nonspecific, a specific diagnosis is difficult (Hoffman et al, 1984). A definite
diagnosis is usually obtain when the etiologic agent Salmonella enterica serotype Typhi, is isolated from bone
marrow or blood cultures (Wain et al, 1998; Willke et al, 2002). However, blood culture capacities are often
not available in endemic areas. The Widal test has been in use for more than a century (Olopoenia & King,
2000) as an aid in the diagnosis of TF. It could be used for the diagnosis of TF of patients who are culture
negative, or in regions where bacterial culturing facilities are not available (Hoa et al, 1998). The value of the
test has been debated for as many years as it has been available (Grunbaum 1896; Jesudason et al, 2002).
After antibiotic treatment, bacteria might not be isolated from blood cultures and the diagnosis relies on a
combination of clinical and epidemiological features. In such cases, the detection of antibodies to ST might
be the only way of confirming the clinical diagnosis (Chart et al, 2000). 

MATERIALS AND METHODS

Patients in fever hospitals with suspected typhoid fever were enrolled. Three groups of patients were
classified: Group I, 254 Patients with blood culture-confirmed TF, Group II, 3426 febrile patients with negative
blood cultures, who had a febrile illness other than TF, and Group III, 176 patients with blood had other
bacterial pathogens (Brucella spp 113, Streptococcus spp. 7, Salmonella spp. 3, Escherichia coli 6,
Pseudomonas aeruginosa 1, Staphylococcus aureus 14, Enterobacter sp. 3, Viridans streptococcus 20, 
Enterococcus spp. 5, and mixed infections 4). Any person > 1 year of age, with a temperature on admission
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of > 38ºC, or history of fever of > 2 days duration, and no identified cause of fever.  Blood samples (5-10
ml) were drawn into a biphasic blood culture bottle (PML Microbiological, Wilsonville, Oregon). Blood
cultures were placed in the incubator at 37 C, and remained for 2 weeks. In addition, 2-3 ml of blood waso

collected for uses requiring serum. 

Widal Test:

Commercially available S. Typhi somatic (O) and flagella (H) antigens were used. Single Widal tube test
was performed following manufacturer instructions (SA Scientific Inc., San Antonio, TX). Serum samples were
serially diluted up to 1/2560 in normal saline. 

Statistical Analysis:

Sensitivity: (true positive rate, a/a+c), Specificity: (true negative rate, d/d+b), Positive Predictive Value:

(PPV, a/a+b), and Negative Predictive Value: (NPV, d/d+c) were calculated. Where a= Positive culture, and
positive Widal test, b= Negative culture, but positive Widal test, c= Positive culture, but negative Widal test,
and d= Negative culture, and negative Widal test.  

Results:

All enrolled patients (3856) were > one year old, 43% were females. Most of cases occurred in children
aged 6-10 years while 8% of cases were in children from 1-5 years of age (Figure 1). The median age of
positive typhoid cases is 10 years old. Sensitivity, specificity, PPV, and NPV of Widal, are shown in (Table
1). Among the blood culture confirmed typhoid cases, 27% showed no response to either antibody, during the
first week, 11% showed no response of either antibody during the second week, and after the second week
(Table 2). The rate of recovery of bacteria, is decreased with the duration of symptoms prior to blood
culturing, and went from 72% in the first week, to 21% in patients with symptoms in the 2  week,  and 7%nd

in patients with symptoms >15 days (Figure 3). The O antibody was present at a titer of �  160 in 113/182
(62%) of culture positive cases in the first week, in 35/54 (65%) in the second week, and in 9/18 (50%) after
the 2  week (Figure 2). While H antibody was present in 102/182(56%) of culture positive cases in the firstnd

week, 36/54(67%) in the second week, and 14/18 (78%) after the 2  week (Table 2). However, (Fig. 2)nd

showed that O & H antibody titers � 1/160 could appear at the second day since onset of symptoms, the
maximum of O titer showed high levels at the 2  and 4  day and then declined, while the maximum H titersnd th

showed the highest level at the 5  day and then declined. Both O&H antibodies together were maximum onth

the 5  day. On the other hand, the confirmed blood cultures of TF cases and the positive Widal serology (�th

1/160) almost have the same distribution in the first week, while in the second week and after that, the positive
Widal serology is much higher than the confirmed blood cultures (Fig. 3).

Table 1: The sensitivity, specificity, PPV, and NPV of (1/160) titers of Widal test (O and/or H) for diagnosis of TF. 
Clinical groups (n) Widal titer � 1/160 (N, %)
Group I ( 254) Blood culture positive for ST. 196 (77%)
Group II ( 3426) Negative blood cultures 400 (12%)
Group III (176) Blood cultures positive for other pathogens. 14 (8%)
Sensitivity: 77%
Specificity: 89%
PPV: 32%
NPV: 98%

Table 2: The distribution of O&H antibody titers (� 1/160) and sensitivity of Widal test among culture confirmed TF cases (n=254)
by time since onset of symptoms

Widal values for O&/ H First week Second week After 2  weeknd

antibody titers, and (n=182) (n=54) (n=18)
Positive O titer only 31 (17%) 12 (22%) 2 (11%)
Positive H titer only 20 (11%) 13 (24%) 7(39%)
Positive O&H       82 (45%) 23 (43%) 7 (39%)
Total positives      133 (73%) 48 (89%) 16 (89%)
Sensitivity 73% 89% 89%

Discussion:

The definite diagnosis of TF is usually obtained when Salmonella enterica is isolated from bone marrow
or  blood  cultures.  Since facilities,  are  not available, particularly for the blood culture in the majority of 
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Fig. 1: The distribution of Widal titers (O&H) � 1/160, among blood culture confirmed TF cases by days
since onset of symptoms.

Fig. 2: The percent distribution of confirmed culture  TF cases with positive Widal serology by time since
onset of symptoms.

developing countries, Widal test remains a valuable tool, and the most useful complimentary test for clinical
diagnosis of TF (Senewiratne & Senewiratne 1977; Levine et al 1978).

In Egypt, Widal test is still used in the diagnosis of TF, and this study is the first one done to develop
local recommendations for the interpretation of Widal results, in relation to blood culture to help physicians
and lab personnel interpret the Widal results. 

The levels of antibodies detectable in the non-infected populations of different areas vary considerably
(Anonymous, 1978; Pang & Puthucheary, 1983; Pu &Huang, 1985; Chongsa-nguan et al 1989; Hamze et al

1998; House et al 2001; Olsen et al 2004). The variations of the immune response depend on the degree to
which the disease is endemic in each area, duration of illness, dose of infection, pathogenicity, and prior
antibiotic use (Hatta et al 2002). Most of cases occurred in children aged 6-10 years as described by (Walia
et al 2006). There were numerous reports on the single Widal test, but no consensus as to its diagnostic value
in regions in which typhoid is endemic (Schroeder 1968). In some reports Widal, results may lack specificity
particularly in a community with endemic typhoid fever (Pang & Puthucheary 1983) like Fayoum Governorate.
The high NPV (98%) indicates that Widal is useful in countries such as Egypt, where other diseases of similar
clinical presentation are common. Based on our results, a negative result would have a good predictive value
for the absence of the disease, but a positive result would have a very low predictive value for typhoid fever
(Somerville et al 1981). However, the sensitivity was highest (89%) in the second week of illness, as in many
assays previously reported (Prokopec et al 1991). 

In the present study, the detection of H antibody is not less important than the O antibody, although the
earliest serological response in acute typhoid fever is a rise in the titer of the O antibody, with an elevation
of the H antibody titer developing more slowly but persisting longer than the O antibody cutoff titer as
described before (Anonymous 1978; Olopoenia & King 2000; Willke et al 2002).  The antibody titers of O
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or H antibodies were 62% and 56% respectively in agreement with positive culture typhoid cases, while the
two antibodies were found in 73% of cases in the first week since onset of symptoms and can be helpful in
diagnosis of the illness (Parry et al 1999),  (Table 2). This shows that the two antibodies should be considered,
as reported before (Coovadia et al 1986). Either O or H titers can reach  diagnostic level (� 1/160) starting
from the 2nd day (Fig.2) but not on days 6-8 after the onset of disease as described by (Ismail TF, 2006),
and 73% of patients with typhoid fever had diagnostic titers for both O& H during the first week after
symptoms appeared.  Patients investigated in the first week of the disease might be thought to have contributed
to the proportion of patients with negative results (Sharma et al 1993; Saha et al 1996). In our study, 56%
had either H antibody titer only or H-titer & O titer of acute cases in the first week (Table 2). That is because
of previous or multiple exposures to typhoid disease in an endemic area like Fayoum Governorate. In addition,
some of patients with blood culture-positive of TF had no detectable O or H antibodies at a titer of � 1/160.
Although these patients may have had antibodies at a lower titer, they may have a negative Widal test
throughout the course of their illness (Reynolds et al 1970; Pang & Puthucheary 1983, 1989; Coovadia et al

1986; Saha et al 1996; Parry et al 1999). This lack of antibody response among patients with blood culture-
positive typhoid fever has been attributed to undefined host or bacterial factors or prior antibiotic treatment
(Anonymous 1978). In the view of the high specificity (89%) and moderate sensitivity (77%) in our study, the
Widal test still has value as complimentary test for clinical diagnosis of TF (Jesudason et al 2002; Itah &
Akpan 2004; Smith et al 2004), or in patients who have clinical typhoid fever, but are culture negative or in
regions where bacterial culturing facilities are not available (Chongsa-nguan et al 1989; House et al 2001;
Handojo et al 2004). Confirmed blood cultures of TF cases and the positive Widal serology (� 1/160) have
almost the same percentage agreement in the first week since onset of symptoms, while in the second week
and after that, the positive Widal serology is much higher than the confirmed blood cultures. As cultures are
time consuming, increased efforts should be made to develop other more rapid, sensitive and specific test
(Parry et al 1999; Arya et al 2005; Watt et al 2005) to supplement clinical and blood culture data.

Conclusions:

The antibody titers of O&H � 1/160 of a single Widal test is useful in the diagnosis of typhoid fever in
Egypt. Since the Widal test is easy to perform inexpensive, and requires no specific equipment and minimal
training of staff, it will be a useful complimentary test for clinical diagnosis of TF, or in patients who have
clinical typhoid fever, but are culture negative or in regions where bacterial culturing facilities are not
available.  

REFERANCES

Anonymous, 1978. Typhoid and its serology. Br Med., 1: 389-390.
Arya, S.C., N. Agarwal, P. Prakash, A.K. Gulati, G. Nath, 2005. Nested PCR for diagnosis of typhoid

fever. J Clin Microbiol. Sep, 43(9): 4920.
Brodie, J., 1997. Antibodies and the Aberdeen typhoid outbreak of 1964. J Hyg (Lond), 79: 161-179.
Chart, H., J.S. Cheesbrough, D.J. Waghorn, 2000. The serodiagnosis of infection with Salmonella typhi.

J Clin Pathol Nov., 53(11): 851-853.
Chongsa-nguan, M., W. Chaicumpa, T. Kalambaheti, W. Thin-inta, P. Echeverria, R. Overtoom, 1989. 

Status of widely test in diagnosis of typhoid fever in an endemic area. Southeast Asian J Trop Med Public
Health, 20.

Coovadia, Y.M., V. Singh, R.H. Bhana, N. Moodley, 1986. Comparison of passive haemagglutination test
with Widal agglutination test for serological diagnosis of typhoid fever in an endemic area. J Clin Pathol., 39:
680-683.

Grunbaum, A.S., 1896. Preliminary note on the use of the agglutinative action of human serum for the
diagnosis of enteric fever Lancet, 2: 806-807.

Hamze, M., M. Naboulsi, P. Vincent, 1998. Evaluation of the Widal test for diagnosing typhoid fever in
Lebanon. Pathol Biol (Paris), 46(8): 613-616.

Handojo, I., S.P. Edijanto, M.Y. Probohoesodo, N.N. Mahartini, 2004. Comparison of the diagnostic value
of local Widal slide test with imported Widal slide test. Asian J Trop Med Public Health, 35(2): 366-370.

Hatta, M., M.G. Goris, E. Heerkens, J. Gooskens, Smits, 2002. Simple dipstick assay for the detection of
Salmonella typhi-specific IgM antibodies and the evolution of the immune response in patients with typhoid
fever. Am J Trop Med Hyg., 66(4): 416-421.

612



Aust. J. Basic & Appl. Sci., 4(4): 609-614, 2010

Hoa, N.T., T.S. Diep, J. Wain, C.M. Parry, T.T. Hien, M.D. Smith, A.L. Walsh, N.J. White, 1998.
Community-acquired septicemia in an infectious diseases hospital in Vietnam. The importance of multi-drug
resistant Salmonella typhi. Trans R Soc Trop Med Hyg., 92: 503-508.

Hoffman, S.L., N.H. Punjabi, R.C. Rockhill, A. Sutomo, A.R. Rivai, S.P. Pulungsih, 1984. Duodenal
string-capsule culture compared with bone marrow, blood and rectal-swap cultures for diagnosing typhoid and
paratyphoid fever. J Infec Dis., 149: 157-161.

House, D., J. Wain, V.A. Ho, T.S. Diep, P.V. Bay, H. Vinh, M. Duc, C.M. Parry, G. Dougan, N.J. Whte,
T.T. Hien, J.J. Farraqr, 2001. Serology of typhoid fever in an area of endemicity and its relevance to
diagnosis. J Clin Microbiol Mar., 39(3): 1002-1007.

Ismail, T.F., 2006. Rapid diagnosis of typhoid fever. Indian J Med Res., 123: 489-492.
Itah, A.Y., C.J. Akpan, 2004. Correlation studies on Widal agglutination reaction and diagnosis of typhoid

fever. Southeast Asian J Trop Med Public Health Mar., 35(1): 88-91.
Jesudason, M., E. Esther, E. Mathai, 2002. Typhoid test to detect IgG & IgM antibodies in typhoid fever.

Indian J Med Res Aug., 116: 70-72.
Levine, M.M., O. Grados, R.H. Gilman, W.E. Woodward, R. Solis-Plaza, 1978. Diagnostic value of the

Widal test in areas endemic for typhoid fever. Am J.  Trop Med Hyg., 27: 795-800.
Olopoenia, L.A., A.L. King, 2000. Widal agglutination test - 100 years later: still plagued by controversy.

Postgrad Med J Feb., 76(892): 80-84.
Olson, S.J., J. Pruckler, W. Bibb, T.M. Nguyen, M.T. Tran, T.M. Nguyen, S. Sivapalasingam, A. Gupta,

T.P. Phan, T.C. Nguyen, V.C. Nguyen, D.C. Phung, E.D. Mintz, 2004. Evaluation of rapid diagnostic tests
for typhoid fever. J Clin Microbiol. May., 42(5): 1885-1889. 

Pang, T., S.D. Puthucheary, 1983. Significance and value of the Widal test in the diagnosis of typhoid
fever in an endemic area. J Clin Pathol., 36: 471-475.

Pang, T., S.D. Puthucheary, 1989. False positive Widal test in nontyphoid salmonella infections. Southeast
Asian J Trop Med Public Health, 20: 163-164.

Parry, C.M., N.T. Hoa, T.S. Diep, J. Wain, N.T. Chinh, H. Vinh, T.T. Hien, N.J. White, J.J. Farrar, 1999.
Value of a single-tube widal test in diagnosis of typhoid fever in Vietnam. J Clin Microbiol Sep., 37(9): 2882-
2886.

Parry, C.M., 2004. Typhoid fever. Curr Infec Dis Rep., 6(1): 27-33.
Prokopec, J., H. Mullerova, V. Sery, Dinh Thi Canh, J. Radkovsky, 1991. Typhoid fever survey in two

localities in Vietnam. J. Hyg  Epidemiol  Microbiol  Immunol., 35: 9-16.
Pu, S.J., H.S. Huang, 1985. Diagnostic value of a single Widal test. Zhonghua min guo wei sheng wuji

main yi xue za zhi., 18(4): 256-263.
Reynolds, D.W., R.L. Carpenter, W.H. Simon, 1970.  Diagnostic specificity of Widal's reaction for typhoid

fever. J  Am Med Assoc, 204: 2192-2193.
Saha, S.K., M. Ruhulamin, M. Hanif, M. Islam, W.A. Khan, 1996. Interpretation of the Widal test in the

diagnosis of typhoid fever in Bangladeshi children. Ann Trop Paediatr, 16: 75-78.
Schroeder, S.A., 1968. Interpretation of serological tests for typhoid fever. J Am Med Assoc, 206: 839-

840.
Senewiratne, B., K. Senewiratne, 1977. Reassessment of the Widal test in the diagnosis of typhoid.

Gastroenterology, 73: 233-236.
Sharma, J.R., I.B. Parmar, S.J. Sharma, A. Kesavan, 1993. False positive Widal reaction in malaria. Indian

Pediatr, 30: 1343-1347.
Smith, S.I., N.N. Odunukwe, M.T. Niemogha, A.O. Ahmed, C.A. Efienemokwu, M.N. Otuonye, M.

Bankole, M. Junaid, C. Agomo, A.G. Mafe, E.O. Idigbe, 2004. Diagnostic methods for typhoid fever in
Nigeria. Br J Biomed Sci., 61(4): 179-181.

Somerville, P.C., M. Lewis, H.J. Koornho, M. Alberts, H.W. Alberts, R. Raymond, 1981. The widely test
in the diagnosis of typhoid fever in the transvaal. S Afr Med J., 59: 851-854.

Srikantiah, P., F.Y. Girgis, S.P. Luby, G. Jennings, M.O. Wasfy, J.A. Crump, R.M. Hoekstra, M. Anwer,
F.J. Mahoney, 2006. Population-based surveillance of typhoid fever in Egypt. Am J Trop Med Hyg Jan., 74(1):
114-119.

Wain, J., T.S. Diep, V.A. Ho, A.M. Walsh, T.T. Nguyen, C.M. Parry, N.J. White, 1998. Quantitation of
bacteria in blood of typhoid fever patients and relationship between counts and clinical features,
transmissibility, and antibiotic resistance. J Clin Microbiol Jun, 36(6): 1683-1687.

613



Aust. J. Basic & Appl. Sci., 4(4): 609-614, 2010

Walia, M., R. Gaind, P. Paul, R. Mehta, P. Aggarwal, M. Kalaivani, 2006. Age related clinical and
microbiological characteristics of enteric fever in India. Trans R Soc Trop Med Hyg., 2006 Jun 8. 

Willke, A., O. Ergonul, B. Bayar, 2002. Widal test in diagnosis of typhoid fever in Turkey. Clin

Diagnostic Lab Immunol Jul, 9(4): 938-941.
Watt, G., K. Jongsakul, R. Ruangvirayuth, P. Kantipong, K. Silpapojakul, 2005. Prospective evaluation

of a multi-test strip for the diagnoses of scrub and murine typhus, leptospirosis, dengue Fever, and Salmonella
typhi infection. Am J Trop Med Hyg. Jan., 72(1): 10-2. 

614


