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ABSTRACT

Background: Typhoid fever, caused by Salmonella enterica serotype Typhi, continues to pose a major global health challenge,
particularly in regions with poor sanitation and limited access to clean water. While the disease is primarily diagnosed through
clinical and microbiological methods, hematological parameters provide essential diagnostic and prognostic insights.
Recognizing and understanding these blood-based alterations is critical for early diagnosis, timely intervention, and monitoring
of disease progression.

Objective: To assess and analyze the hematological variations in typhoid patients, focusing on key parameters such as white
blood cell count (WBC), red blood cell count (RBC), hemoglobin (Hb), and platelet count.

Methods: This retrospective observational study included 200 samples: 100 clinically diagnosed typhoid fever patients and 100
individuals with normal complete blood count (CBC) reports, obtained from CDC Laboratories Lahore. Hematological
parameters including WBCs, RBCs, Hb, and platelets were measured using automated hematology analyzers and confirmed
through microscopic peripheral smear examination. Data were statistically analyzed using SPSS version 24 to determine the
frequency and percentage distribution of hematological abnormalities.

Results: Among typhoid patients, 80 (40%) had leukopenia, while 20 (10%) showed leukocytosis. Low RBC counts indicating
anemia were found in 66 (33%) cases, and 34 (17%) had elevated RBCs. Thrombocytopenia was observed in 76 (38.2%)
patients, whereas 23 (11.6%) showed thrombocytosis. Hemoglobin levels were reduced in 69 (34.5%) patients and elevated in
31 (15.5%). In contrast, all 100 individuals in the control group had normal hematological values.

Conclusion: The study highlights significant hematological disturbances in typhoid fever, with leukopenia, anemia, and
thrombocytopenia being the most common findings. These parameters serve as valuable diagnostic and monitoring tools, aiding
in early detection and effective management of typhoid fever.

Keywords: Anemia, Hemoglobin, Platelet Count, Red Blood Cells, Salmonella Typhi, Thrombocytopenia, White Blood Cells.
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INTRODUCTION

Typhoid fever remains a significant public health concern, particularly in developing countries where sanitation and hygiene
infrastructure are suboptimal. Caused by Salmonella enterica serotype Typhi (commonly known as Salmonella Typhi), this gram-
negative bacterial infection is primarily transmitted via the fecal-oral route, through the consumption of contaminated food or water (1).
The disease tends to spread rapidly in densely populated areas with limited access to clean drinking water and proper waste disposal
systems. Despite being a preventable and treatable illness, typhoid fever continues to account for substantial morbidity and mortality
globally, with an estimated 21.7 million cases and over 200,000 deaths annually (2,3). The initial clinical features of typhoid fever often
include persistent fever, headache, abdominal pain, constipation, and relative bradycardia. As the disease progresses, it typically follows
a four-week course characterized by evolving systemic and gastrointestinal manifestations. The first week is marked by toxemia and
fever; the second by gastrointestinal symptoms such as diarrhea; and the third by complications including splenomegaly, intestinal
hemorrhage, or perforation (4,5). In untreated cases, hematological abnormalities such as leukopenia, thrombocytopenia, and anemia—
often normocytic or microcytic due to nutritional deficiencies like iron, folate, or vitamin B12—may arise, especially in
immunocompromised individuals (6). Conversely, immunocompetent patients may experience a milder hematological profile. The
diagnosis of typhoid fever in endemic areas often involves the Widal test, a serological assay that detects agglutinating antibodies against
Salmonella Typhi. Although widely used, the Widal test has significant limitations in sensitivity and specificity, with frequent false
positives and negatives due to cross-reactivity or early testing (7,8).

Blood culture remains the gold standard for diagnosis, with positivity reported in approximately 60% of confirmed cases (9). Antibiotic
therapy remains the cornerstone of typhoid fever management. First-line agents include fluoroquinolones such as ciprofloxacin, and
third-generation cephalosporins like ceftriaxone, both of which have demonstrated clinical efficacy (10). Azithromycin serves as an
alternative in regions with documented resistance to first-line drugs. In severe cases presenting with coagulopathy or disseminated
intravascular coagulation (DIC), supportive interventions such as fresh frozen plasma, vitamin K supplementation, or anticoagulants
may be warranted (11,12). While third-generation cephalosporins and azithromycin are frequently utilized against resistant strains, their
exact influence on hematological recovery is still under investigation (13). Despite the availability of effective treatment options,
challenges such as antimicrobial resistance, late diagnosis, and inadequate public health infrastructure persist. Additionally, chronic fecal
carriage in convalescent individuals poses ongoing risks for community transmission (14). Therefore, understanding the evolving
clinical spectrum, diagnostic limitations, and hematological implications of typhoid fever is crucial to enhancing case management and
reducing its burden. The present study aims to investigate the hematological alterations in patients diagnosed with typhoid fever and
assess their association with disease severity and treatment response, thereby contributing to a more targeted and evidence-based clinical
approach.

METHODS

This retrospective observational study was conducted at CDC Laboratories in Lahore over a duration of approximately four months
following the approval of the research synopsis by the institutional review board. Ethical clearance was obtained from the relevant
ethical committee, and all procedures were performed in accordance with the Declaration of Helsinki. Informed consent was waived
due to the retrospective nature of the study and the anonymized use of laboratory data. The study aimed to evaluate hematological
parameters in patients diagnosed with typhoid fever compared to healthy individuals. A total of 200 samples were analyzed, comprising
100 cases with confirmed typhoid fever and 100 control cases with normal complete blood count (CBC) reports. Participants were
selected through simple random sampling from the laboratory records. The inclusion criteria were patients aged 18 to 65 years, of either
gender, with a confirmed diagnosis of Salmonella Typhi infection via blood culture or serological testing. Individuals with co-infections
or pre-existing chronic illnesses known to affect hematological indices—such as leukemia, autoimmune diseases, or chronic renal/liver
disease—were excluded to avoid confounding results.

Blood samples were analyzed using standard laboratory equipment including an automated hematology analyzer, microscope with
staining kits, EDTA-containing blood collection tubes, a centrifuge, and a blood culture system. Data collection involved retrieval and
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recording of hematological profiles, particularly focusing on white blood cell count, hemoglobin concentration, platelet count, and red
cell indices. All data were entered and managed using Microsoft Excel 2016 and statistically analyzed using SPSS version 24.
Descriptive statistics were applied to determine the mean and standard deviation for continuous variables. Distribution patterns were
assessed for normality to inform any potential future comparative analyses, although only descriptive statistics were reported in this
phase. The data were securely stored, and confidentiality was maintained throughout the study.

RESULTS

The study included 200 individuals, comprising 100 patients clinically diagnosed with typhoid fever and 100 individuals with normal
hematological parameters. Among the total participants, 132 (66%) were male and 68 (34%) were female, indicating a male
predominance in the sampled population. Age distribution analysis revealed that the highest number of individuals, 94 (48%), were in
the 15-30 years age group. This was followed by 62 participants (30%) in the 31-45 years group, 28 individuals (14%) aged 46—60
years, and 16 individuals (8%) between 61-90 years. Evaluation of hemoglobin levels demonstrated that 69 individuals (34.5%) had
low hemoglobin values suggestive of anemia, 31 (15.5%) had elevated levels, while the remaining 100 (50%) presented with values
within the normal range. These 100 individuals represented the healthy control group. Assessment of platelet counts showed that 76
participants (38.2%) exhibited thrombocytopenia, while 23 (11.6%) had elevated platelet levels. Normal platelet counts were observed
in 100 individuals (50.3%), aligning with the control group.

Red blood cell (RBC) analysis revealed that 66 participants (33%) demonstrated low RBC counts, suggestive of anemia likely secondary
to typhoid-associated bone marrow suppression. Conversely, 34 individuals (17%) had high RBC counts, possibly due to dehydration
or reactive erythropoiesis, while 100 (50%) maintained normal RBC levels. In terms of white blood cell (WBC) counts, 80 participants
(40%) showed leukopenia, which is a classical finding in typhoid fever due to the suppressive effects of Salmonella Typhi on bone
marrow function. A total of 20 individuals (10%) exhibited leukocytosis, potentially indicating secondary infection or immune
activation. Normal WBC counts were reported in 100 participants (50%), corresponding to the control group.

Table 1: Gender frequency of patient

Gender of Patients Frequency Percentage%
Male 132 66%

Female 68 34%

Total 200 100%

Table 2: Age Group Frequency of Patients

Age Distribution Frequency Percentage% (100)
15-30 94 48%

31-45 62 30%

46-60 28 14%

61-90 16 8%

Table 3: Hemoglobin Frequency in Typhoid Patients and Normal Person

Parameter Frequency Percentage%
High values 31 15.5%

Low values 69 34.5%
Normal 100 50%

Total 200 100%
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Table 4: Platelets Frequency in typhoid Patients and Normal Person

Platelets No of Patients Percentage%
High 23 11.6%
Low 76 38.2%
Normal 100 50.3%
Total 200 100%

Table 5: RBCs Frequency in Typhoid Patients and Normal Person

RBCs Frequency Percentage%
High 34 17%

Low 66 33%

Normal 100 50%

Total 200 100%

Table 6: WBCs Frequency in Typhoid Patients and Normal person

WBCs Frequency Percentage %
High 20 10%

Low 80 40%

Normal 100 50%

Total 200 100%

Age Group Distribution of Patients
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Figure 1 Gender Distribution of Patients
Figure 2 Age Group Distribution of Patients
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DISCUSSION

The findings of this study reinforce the well-documented hematological changes observed in typhoid fever, including leukopenia,
thrombocytopenia, and anemia, which align with the systemic inflammatory nature of the disease. The observed predominance of
leukopenia in 40% of typhoid cases supports prior evidence that Salmonella Typhi has a suppressive effect on the bone marrow, resulting
in reduced leukocyte production. This hematological profile contrasts with most other bacterial infections, where leukocytosis is
typically predominant, and serves as a distinguishing diagnostic feature of typhoid fever. However, a subset of patients with leukocytosis
in this study may reflect either secondary bacterial infections or the onset of complications such as intestinal perforation, which are
known to cause reactive leukocytosis (15,16). The study also found a notable proportion of patients with anemia, particularly normocytic
normochromic anemia, which is consistent with previous literature that attributes this alteration to bone marrow suppression, hemolysis,
and chronic disease-associated malnutrition. These factors, along with possible gastrointestinal bleeding in severe cases, contribute to a
multifactorial pathogenesis of anemia in typhoid fever (17-19). The high frequency of thrombocytopenia observed among typhoid
patients may further reflect either immune-mediated platelet destruction or splenic sequestration, both of which are common in systemic
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infections with hematopoietic involvement (20). These hematological derangements not only aid in the diagnostic process but also serve
as important markers for disease severity and therapeutic monitoring.

The strength of this study lies in its comparative approach, evaluating both typhoid-affected individuals and a matched control group
with normal hematological parameters. This provided a clear contrast and allowed for a more accurate interpretation of the disease-
specific hematological changes. Moreover, the use of automated hematology analyzers and a standardized laboratory setting minimized
procedural variability and improved the reliability of the results. Despite its merits, the study is not without limitations. Being
retrospective in design, it relied solely on existing records, which limited the ability to control for confounding factors such as nutritional
status, hydration levels, and concurrent medication use. The absence of additional inflammatory markers like ESR or CRP, and the lack
of differential leukocyte count data, restricted a more granular interpretation of the immune response. Moreover, the exclusion of
pediatric cases limits the generalizability of findings, as children are often disproportionately affected by typhoid in endemic regions.
Also, the study did not investigate the relationship between hematological parameters and clinical outcomes such as duration of illness,
hospitalization, or relapse, which could have enriched the understanding of prognostic value.

The suppression of bone marrow activity by Salmonella Typhi, possibly through direct invasion or immune-mediated inhibition, remains
a key explanation for the observed cytopenias. These findings suggest a potential spectrum of marrow involvement, ranging from
transient suppression to more severe conditions like aplastic anemia in rare cases. Future research should explore the long-term
hematological outcomes in typhoid survivors and investigate whether early hematological intervention can mitigate complications.
Additionally, prospective multicenter studies incorporating inflammatory and biochemical markers alongside hematological profiling
would provide a more holistic understanding of the disease pathophysiology and guide targeted treatment strategies. Overall, this study
contributes to the growing body of evidence supporting the diagnostic and prognostic utility of hematological profiling in typhoid fever.
It highlights the clinical relevance of monitoring hemoglobin, WBC, RBC, and platelet counts, not only for diagnostic accuracy but also
for gauging treatment response and anticipating complications.

CONCLUSION

This study concludes that hematological alterations such as leukopenia, anemia, and thrombocytopenia are hallmark features of typhoid
fever and serve as important diagnostic and prognostic indicators. These changes mirror the systemic impact of Salmonella Typhi
infection and highlight the role of hematological assessment in early identification, disease monitoring, and guiding clinical decisions.
Recognizing these patterns in routine blood work can support prompt intervention, reduce complications, and ultimately improve patient
outcomes, especially in resource-limited, typhoid-endemic settings.
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