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Abstract

Background: Typhoid fever is transmitted by contaminated food and water and highly
endemic in developing countries including India. Widal agglutination test is widely
accepted in the diagnosis of typhoid infection based on baseline titre. Objective: This
study was aimed to investigate the prevalence and seasonal dynamics of typhoid
infection with an exploration of hematological parameters as a diagnostic tool in
Raebareli region. Research Methodology: More than nine hundred febrile patients over
a period of one year were diagnosed in a tertiary care hospital for Widal agglutination
test with dilution ranging from 1:40 to 1:320. In addition, various hematological
parameters were also examined based on CBC and microscopy. Results: Typhoid
infection was found prevalent in 22.72% of febrile patient’s particularly in females
and peaked around the month of April and September during transient and monsoon
period in Raebareli region. Low hemoglobin levels were also significantly detected
in typhoid patients with normocytic anemia. Conclusion: Typhoid infection is highly
prevalent particularly during monsoon and transition period favoring its transmission
based on Widal agglutination test. Moreover typhoid patients were found more prone
to normocytic hypochromic anemia than other forms.
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Introduction

Enteric fever includes febrile illness exclusively to humans
caused by Salmonella enterica serovar typhi (S. typhi) causing
typhoid fever and Salmonella enterica serovar paratyphi
A, B and C (S. paratyphi) 1. Global burden of typhoid fever
is estimated to be 11.9-26.9 million cases including 9.7%
prevalence in India. 2 Clinical manifestations of typhoid
include fever, headache, fatigue, loss of appetite, constipation
etc. those are nonspecific and indistinguishable from other
febrile diseases. Contaminated food and water, poor sanitation
and hygiene are major risk factors for causing typhoid fever.
Typhoid fever follows a seasonal pattern with a recurrence of
peak incidence during same month across year. In Southeast
Asian countries e.g. Nepal, Bangladesh and Cambodia typhoid
incidence peaks around May to October. - Similarly, typhoid
fever incidences were found on peak during monsoon season
(July to October) in north India. [

Salmonella belongs to the family Enterobacteriaceae and has
2463 serotypes, strictly adapted to humans and higher primates.
1 Serotype Typhi may be isolated from blood, urine or stool
depending on laboratory equipment and technical resources
those are not available in most of primary health centres in
developing countries. S. #yphi have ‘O’ antigen on the cell wall
and ‘H’ antigen on flagella against which host immune response
produces antibodies. Agglutination is a standard serological
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reaction leads to the clumping of a cell suspension by a specific
antibody against a specific antigen, O-somatic and H-flagellar.
These antigens (O and H) are also shared by many other bacteria
of same family therefore its accuracy and reliability is debatable
regardless of its extensive use in serodiagnosis of typhoid fever
in developing countries including India. ® Widal agglutination
test is almost 100 years old and has been widely used for
serological diagnosis of enteric fever in most of the developing
nations including India due to relatively cheaper, easy to
perform, needs minimal training and require no sophisticated
equipment.

Significant changes in the hematological parameters also aid
in the clinical diagnosis of typhoid fever. The hematological
changes like anemia, lower hematocrit, leucopenia, mild
thrombocytopenia and elevated erythrocyte sedimentation rate
(ESR) have been reported to be linked with typhoid fever. 1%
Whereas, hepatic dysfunction has been reported to be linked
with Typhoid up to some extent with rare cases of impaired
renal functions. [
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Typhoid fever is cured by using appropriate antibiotics
those shorten the duration of fever and bacterial shedding.
However, resistance to available antibiotics is more common
and increasing rapidly. For example, multiple drug resistance
(MDR) to ampicillin, chloramphenicol and Trimethoprim-
sulfamethoxazole has been emerged in Asia and Africa that
limits the use of these traditional drugs. ' Ceftriaxone,
Cefixime, Ofloxacin and new class of broad-spectrum antibiotics
called azalides e.g. azithromycin, are found useful against MDR
typhoid fever. 314 The combination of antibiotics is found to be
significantly superior over the use of single antibiotic.

A retrospective study has been conducted in eastern region
of Uttar Pradesh, India to evaluate prevalence and seasonal
dynamics of typhoid infection in reference to Widal antigen’s
titre. In addition, alterations in hematological parameters were
also emphasized with respect to sero-diagnosis of O and H
antigens and combinatorial antibiotic therapy was used for
treatment of typhoid in this region.

Materials and Methods
Study design and population

A hospital based cross-sectional study was carried out on the
individuals living at Raebareli district of Uttar Pradesh, India.
Widal tests were carried out on the patients suspected for
typhoid fever in the laboratory, All India Institute of Medical
Sciences (AIIMS), Raebareli. This hospital is a only tertiary
care medical center available in this region and fully equipped
with all medicare facilities. The patients visited at AIIMS,
Raebareli outpatient department (OPD) during the period of one
year (from March, 2019 to February, 2020) were considered for
this study. A systematic random technique was employed on the
febrile patients (n=977) with mean age of 29 + 14 years, visited
OPD and laboratory for Widal test during this period.

Sample collection and size determination

The fresh blood samples were collected in K2-EDTA and plain
(without anticoagulant) vacutainers to run complete blood count
and Widal test respectively. The minimum sample size of n=930
was determined using modified Fischer’s formula to conduct a
study on the prevalence of typhoid fever in Uttar Pradesh, India.
1151 A recent systematic review showed a typhoid burden around
9.7% with 95% confidence interval (Cl) in India. ('

Inclusions and exclusions

Suspected cases of typhoid fever with clinical symptoms such
as prolonged fever for a week or more and abdominal pain
etc. were included in this study. Febrile patients with other
infections e.g. malaria, dengue etc. and patients with the history
of ongoing of antibiotic treatment lasts for 3 months before their
visit at AIIMS hospital were excluded from the study.

Widal agglutination and tube titration

Fresh blood samples were collected without anticoagulant by
vein puncture and centrifuged to separate serum. TYDAL kit
(Tulip diagnostics) was used for performing Widal agglutination
and titre determination against S. enterica serotype typhi

antigens (O and H antigens) and paratyphi (AO, BO, AH, BH,
CH, CO antigens). Widal agglutination was performed by
mixing a drop of commercial antigens with a drop of serum
on test card followed by orbital rotation for one minute.
Positive Widal test was determined by the formation of visible
agglutination reaction during mixing of antigen and patient’s
serum. This procedure was also accompanied by positive and
negative controls and final result was reported as reactive or
nonreactive. 7]

Titre against reactive antigens (O and H) was determined by
tube agglutination using eight tubes. First tube with normal
saline as a control and rest of tubes (2-7) with serial dilution of
patient’s serum (with normal saline) were taken as test followed
by the addition of one drop of TYDAL antigen suspensions.
These tubes were incubated at 37°C for 2-4 h with proper mixing
and agglutination was macroscopically observed to estimate the
titre. Positive titration value is determined by agglutination at
1:160 or higher dilution for both O and H antigen to determine
S. typhi infection in patients. "]

Study variables and definitions

Anemia is defined as hemoglobin (Hb) less than 13 gm/dL
and 12 gm/dL in males and females respectively as per WHO
guidelines. ' Complete blood count (CBC) test was performed
on Sysmex XP-100 machine. In addition, microscopy on blood
smear of patient’s sample was also performed to define types of
anemia. ["1 Mean corpuscular volume (MCV) value of 80-100
fl, less than 80 fl and more than 100 fl is defined as normocytic,
microcytic and macrocytic anemia respectively. 2

Statistical analysis

Student t-Test and Annova was used to determine significance
for this analysis. A p-value <0.01 was considered significant for
the analysis of results.

Results

Prevalence of typhoid among local population in
Raebareli

A total of 222 cases (mean age=28.84 + 14.1 years) out of 977
febrile patients (mean age=36.84 £ 17.95 years) were diagnosed
positive for Widal test at OPD, AIIMS, Raebareli. The
prevalence of typhoid infection was ~22.72% in the population
living at Raebareli district (Figure 1a). The typhoid infection
was found more prevalent among females (mean age=28.44 +
13.48 years) than males (mean age=29.47 + 15.06 years) (Figure
1b). Furthermore, 63.06% of the patients were diagnosed for
increased titre of O antigen (> 1:160 dilution) compared to H
antigen or combined (O+H) antigens (Figure 1c¢).

Seasonal dynamics of typhoid fever

We have also looked for seasonal pattern of typhoid fever which
is not fully understood in this region. We have noticed a distinct
seasonal cycle of typhoid fever with a peak during month of
April and September (Figure 2a). Interestingly, raised titre of
O-antigen (> 1:160 dilution) was prevalent during the month of
March and June (Figure 2b). Whereas, raised titre of H-antigen
(= 1:160 dilution) was noticed during the month of February
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Figure 1: Prevalence of typhoid infection among population at Raebareli district. (a) Pie chart representing % of normal (green) and typhoid (dark red)
patients. (b) Pie chart representing % of males (orange) and females (dark red) patients suffering from typhoid fever. (c) Distribution of % prevalence
of raised titre of Widal antigens O (dark red), H (orange) and O+H (green).
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Figure 2: Seasonal dynamics of typhoid fever at Raebareli district. (a) The percentage of typhoid cases diagnosed during each month of the year
(2019-20). (b) Redistribution of % prevalence of Widal antigens O (red dots), H (green dots) and O+H (blue inverted triangles) based on raised titre
(= 1:160) throughout year.
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and September (Figure 2b). Both O and H-antigen titre were found
simultaneously raised during August and October (Figure 2c).

Normocytic hypochromic anemia was highly
prevalent among typhoid patients

The hematological changes are common during typhoid
infection including anemia. ?!! Anemia was diagnosed in 44% of
the total typhoid patients (Figure 3a). Interestingly, normocytic
hypochromic anemia (~ 71%) was more prevalent in patients
with typhoid fever and anemia compared to other forms e.g.
microcytic and macrocytic (Figure 3b). Hemoglobin levels of
typhoid patients were significantly lowered compared to normal
healthy individuals with a p-value of 10 to 107 (n=50) (Figure 3c).

Alterations in hematological indices during typhoid
infection

Hematological indices are also being reported to be closely
associated with typhoid fever. 2 Therefore, we compared
various CBC parameters of normal individuals with typhoid
patients on the basis of raised titre (> 1:160 dilution) of O, H
and both (O+H) Widal antigens. Hematocrit levels of patients
with both positive O and O+H antigens were significantly

b

Anemic

lowered (p-value < 0.01, n=36-140) except H antigens as
compared to normal healthy individuals (Figure 3c). However,
other parameters such as erythrocyte (RBC), leucocyte
(WBC), lymphocytes, and neutrophils were non-significantly
different among normal and widal positive patients [Table 1].
Interestingly, eosinophil count in widal positive (both O and
O+H antigen) patients were found significantly (p-value <0.01,
n=36-140) lower than normal control individuals whereas,
platelets count in typhoid patients with positive O antigen was
only significantly (p-value <0.01, n=36-140) higher than normal
patients [Table 1]. Cefixime (400 mg) with Ofloxacin (400 mg)
or Azithromycin (500 mg) was prescribed to typhoid patients
to take orally from 1-2 weeks. The patients were successfully
recovered by using these antibiotic combinations in few days.

Discussion

The Widal agglutination test is widely used for diagnosis of
enteric fever in most of the developing countries including
India due to limiting resources for blood culture method
despite of being a gold standard for diagnosis of typhoid fever.
The classical demonstration of rising titre of the antibodies in
paired samples at the interval of two weeks is basically used for
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Figure 3: Prevalence of anemia during typhoid infection. (a) Pie chart showing % of anemic (dark red) and non-anemic (orange) typhoid patients. (b)
Pie chart representing distribution of typhoid patients with anaemia into normocytic (dark red), microcytic (orange) and macrocytic (green) based on
MCV and microscopic examination. (c) Mean + SD values of haemoglobin (g/dL) in normal (N, grey dots) and typhoid patients with raised titre (= 1:160)

of O, H and O+H antigens (red, green and blue dots respectively).

Table 1: Hematological indices of typhoid patients based positive widal antigen titre and their comparison with normal control patients
(titre < 1:80). Statistical analysis was performed between typhoid patients (O, H and O+H antigens) and normal control. (* p-value<0.01, **

p-value<0.00001).
Serotype: Typhi (titre = 1:160)
Parameters Normal (control) O antigen H antigen O+H antigen
n 50 140 42 36
Hb (g/dL) 13.29+1.5 11.64 £ 1.7** 11.26 £ 1.7** 11.65 £ 1.7**
HCT (%) 39145 36.4 £ 5.4 375+64 35.2+7.7*
RBC (million cells/ul) 44107 42+07 43+0.9 4307
WBC (x 10%/pl)) 75+23 6.9+1.6 6.8+1.7 6.8+24
Lymphocytes (%) 294 +11.3 29.7£10.8 28.1+£10.2 31.0+11.3
Neutrophils (%) 58.9+10.9 59.2+12 61.5+11.6 59.5+12.2
Eosinophils (%) 72126 6.3+2.2* 6.5+3.0 5.5+2.0*
Platelets (Lakh/pl) 1.8+0.7 2.2+1.0* 20+ 1.1 20+1.0
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serological diagnosis of typhoid. But this rise is not consistently
demonstrated due to high levels of background antibody
in an endemic region. ! Therefore, cut off titre for Widal
agglutination in such areas depends on background antibody
levels and typhoid vaccination. 124

We have used a cut off titre of 1:80 for our study being widely
accepted in most of the studies. This is the first ever study which
has been conducted in eastern Uttar Pradesh including Raebareli
district based on antibody titre (> 1:160) in individuals against
serotype Typhi of Salmonella enterica. We have found a
presence of high antibody titre in febrile patients with typhoid
infection which is prevalent in 22.72% of the population living
in this region [Figure 1a]. Other studies from other parts of India
reported prevalence of typhoid ranging from 19.5% to 29.32%.
(25.26) Tnterestingly, females (60.8%) were found more prone to
typhoid infection in our study irrespective of published reports
suggesting male dominance due to proinflammatory cytokine
response and poor hygiene practices [Figure 1b]. #7281 Our
results support for pregnancy related issues in females with
an average age of 29 years may contribute in high incidence
of typhoid infection. % In addition, our results also indicated
towards a high titre against S. typhi O antigen (= 1:160) which
is more prevalent alone in 63% of diagnosed typhoid patients
compared to H antigen [Figure 1c]. B%

Ingestion of contaminated food and water is associated with
transmission of typhoid fever due to limiting access to clean
water and adequate sanitation those are susceptible to climatic
events such as drought and monsoons. B! However, a close
association of typhoid infection with key environmental drivers
e.g. rainfall and temperature is still lacking suggestive of
other factors influencing the transmission. Here, we observed
a distinct seasonal pattern for typhoid fever in eastern part of
Uttar Pradesh [Figure 2a]. The peak period occurred during
the month of April and September, which coincides with the
monsoon and transition period. The monsoon is linked with
floods which are identified as a risk factor for enteric fever
due to contamination of drinking water with sewers containing
fecal matter. ! Whereas, temperature fluctuates during
this transition period with mild rain favoring the growth of
vectors e.g. flies those contaminate food and increase the risk
of typhoid fever. Therefore, both monsoon and temperature
fluctuation emerged as key environmental drivers influencing
the seasonal dynamics of typhoid fever. We noticed that peak
during April and September month coincidence with prevalence
of O and H antigen respectively while comparing the peaks of
typhoid incidence and raised titre of Widal antigens [Figure
2a and Figure 2b]. This result suggests that raised titre against
particular Widal antigen is responsible for seasonal dynamics of
typhoid infection.

Hematological parameters are also known to be linked with
typhoid infection and therefore aid in its diagnosis. >3 We
found 44% of typhoid patients were diagnosed for anemia as
reported by other studies with a prevalence of 35%-42%. 134
Furthermore, hemoglobin levels were significantly dropped
during typhoid infection with raised titre of O, H and combined
(O+H) Widal antigens resulting into normocytic hypochromic
anemia that was found more prevalent (71%) as compared to

other forms e.g. micro and macrocytic anemia in the typhoid
patients [Figures 3b and 3c]. In addition, a significant drop in
hematocrit during positive O and O+H antigen was vigilant in
our findings [Table 1]. Coming to value of differential count
in diagnosis of fevers, we have surprisingly found a significant
drop in eosinophil count during positive Widal O and O+H
antigen [Table 1]. Interestingly, mild thrombocytosis was also
significantly diagnosed in typhoid patients with positive O
antigen [Table 1]. But other hematological parameters were
remained unaltered in our findings.

Based on this study, health department should take special
attention during monsoon and transition period e.g. April
and September to combat typhoid infection by preventing its
transmission and medication using effective antibiotics. CBC
parameters should also be included during Widal agglutination
test that will surely present a clear picture of typhoid infection.
Proper nutrition with iron rich food may reduce the complications
of resulting anemia during enteric fever.

Conclusion

Mostly young females are found more prone to the typhoid
infection peaked around the month of April and September in
Raebareli region. Typhoid fever is found strongly associated
with normocytic hypochromic anemia with mild eosinopenia
and thrombocytosis significantly vigilant during positive Widal
O antigen (= 1:160).
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