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ABSTRACT

Typhoid fever is a major pediatric health burden, yet the biological significance of varying semiquantitative TUBEX-
TF reactivity levels remains unclear. To investigate the relationship between clinical manifestations, routine
hematological parameters, and TUBEX-TF reactivity in pediatric typhoid fever. This cross-sectional study utilized
medical records of children aged 0—18 years diagnosed with typhoid fever at Haji Adam Malik General Hospital,
Medan, from 2023 to 2024. This study used purposive sampling, and included 142 samples. Patients were then
stratified into TUBEX-TF score 4 and 6 groups. Data were analyzed using Chi-square, Fisher's exact, and Mann-
Whitney U tests. The study included 142 children (mean age 10.8 years; 55.6% male), with 84 (59.2%) having a
score of 6. No significant differences were found between the score groups regarding clinical manifestations,
hemoglobin, leukocyte or platelet counts, and most leukocyte differentials. However, lymphocyte percentage was
significantly higher in the score 6 group compared to the score 4 group (26.76 = 17.91% vs. 20.57 £ 16.05%;
p=0.031). Higher TUBEX-TF reactivity did not correspond with differences in clinical manifestations or most
routine blood parameters.
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INTRODUCTION

Typhoid fever, a systemic infection caused by Salmonella enterica serovar Typhi, continues to
impose a substantial health burden in regions where access to safe water, sanitation, and
microbiological diagnostics remains uneven. Contemporary global estimates demonstrate a
considerable burden in South and Southeast Asia, with children representing an important affected
population(Tipah et al., 2026). Indonesia remains an endemic setting, making diagnostic approaches
that are rapid, accessible, and clinically interpretable particularly relevant (Hartanto, 2021).

Diagnostic uncertainty in enteric fever has clinically important consequences. Delayed recognition
may allow progression to gastrointestinal haemorrhage, intestinal perforation, encephalopathy,
sepsis, and death, whereas indiscriminate empirical treatment contributes to unnecessary
antimicrobial exposure (Shafqat et al., 2025). Although blood culture remains the conventional
reference standard, its diagnostic yield depends on specimen volume, timing of collection, and
antecedent antimicrobial therapy; culture-based diagnosis also requires laboratory infrastructure and
time (Liu et al., 2024).

TUBEX-TF is a rapid inhibition magnetic-binding immunoassay designed to detect antibodies
directed against the O9 antigen of S. Typhi. Unlike a purely dichotomous serological test, it yields a
semiquantitative colour score, with increasing values reflecting greater assay reactivity (Nurmawati
et al., 2024). Recent Indonesian data have nevertheless shown that TUBEX-TF performance in
routine practice is imperfect and varies according to the cutoff used, underscoring the need for
careful clinical interpretation (Nurmawati et al., 2024).
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The hematological phenotype of typhoid fever is heterogeneous and may include anaemia,
leukopenia or leukocytosis, thrombocytopenia, and alterations in leukocyte differentials (Etouke et
al., 2023). These abnormalities reflect multiple processes, including systemic inflammation,
reticuloendothelial activation, marrow suppression, cellular redistribution, and disease phase.
Because the complete blood count is inexpensive and almost universally available, determining
whether specific hematological features track with anti-O9 IgM reactivity could provide
mechanistic insight and identify clinically testable signals.

Evidence directly relating routine hematological parameters to the magnitude of semiquantitative
TUBEX-TF reactivity remains limited. A previous Indonesian study evaluated hematological
parameters across the TUBEX-TF colour scale and reported no uniform relationship across routine
indices (Nugraheni et al., 2022). The present study therefore investigated whether clinical
manifestations and routinely measured hematological parameters differed between children with
TUBEX-TF scores of 4 and 6.

METHOD

This observational analytic study used a cross-sectional design and secondary medical-record data
from Haji Adam Malik General Hospital, Medan, Indonesia. Medical records of paediatric patients
evaluated for typhoid fever during 2023-2024 were reviewed. The study was conducted after
approval by the Health Research Ethics Committee of Universitas Sumatera Utara and institutional
research permission. The ethics approval number will be inserted in the final submission file after
verification against the original ethics document.

The study population comprised children aged 0—18 years with clinically suspected typhoid fever.
Eligible subjects had fever or a history of fever accompanied by gastrointestinal manifestations such
as nausea/vomiting, diarrhoea, or constipation and had undergone both complete blood count and
TUBEX-TF testing. Patients were excluded if they had chronic hematological or congenital blood
disorders, severe chronic diseases capable of altering hematological parameters, or incomplete or
unreliable hematological data. The calculated minimum sample size was 132 subjects; 142 eligible
records were included in the final analysis.

Clinical variables extracted from medical records included constipation, diarrhoea,
nausea/vomiting, duration of fever, and other recorded manifestations. Hematological variables
included haemoglobin concentration, total leukocyte count, platelet count, and differential
percentages of neutrophils, lymphocytes, monocytes, eosinophils, and basophils.

TUBEX-TF testing was performed using the commercial TUBEX-TF kit (IDL Biotech, Sweden).
For the assay, 45 puL of brown reagent and 45 uL of patient serum were incubated for 2 minutes,
followed by the addition of 90 puL of blue reagent. After shaking for 2 minutes, the reaction was
compared with the TUBEX-TF colour scale after 5 minutes. Scores range from 0 to 10, with a score
of 4 or greater interpreted as positive according to the manufacturer. In the present dataset, positive
results were classified as score 4 or score 6 (Nurmawati et al., 2024).

Data were then analysed. Categorical variables were summarised as frequencies and percentages.
Numerical variables were reported as mean + standard deviation to remain consistent with the
source dataset and study tables. Normality was assessed using the Shapiro-Wilk test. Because most
numerical variables were non-normally distributed, between-group comparisons were performed
using the Mann-Whitney U test. Categorical variables were compared using the chi-square test or
Fisher exact test when appropriate. A two-sided p value <0.05 was considered statistically
significant.

658



Indonesian Journal of Global Health Research, Vol 8 No 6, December 2026

RESULT

A total of 142 children met the eligibility criteria. Mean age was 10.8 + 6.2 years, and 79 (55.6%)
were male. TUBEX-TF score 6 was observed in 84 children (59.2%), whereas 58 (40.8%) had score
4. Fever was recorded in all subjects. Nausea/vomiting was the most frequent gastrointestinal
manifestation (63.4%), followed by diarrhea (38.0%) and constipation (13.4%). Mean fever
duration was 10.6 + 14.1 days (Table 1).

Table 1.
Characteristics of the study participants
Characteristics Total (N=142)
Age, mean + SD, years 10.8£6.2
Male, n (%) 79 (55.6)
Female, n (%) 63 (44.4)
TUBEX-TF score 4, n (%) 58 (40.8)
TUBEX-TF score 6, n (%) 84 (59.2)
Constipation, n (%) 19 (13.4)
Diarrhoea, n (%) 54 (38.0)
Nausea/vomiting, n (%) 90 (63.4)
Fever duration, mean + SD, days 10.6 + 14.1

None of the evaluated clinical manifestations differed significantly between TUBEX-TF score
groups. Constipation (p=0.166), diarrhea (p=0.282), nausea/vomiting (p=0.328), and fever duration
(p=0.735) were not associated with semiquantitative TUBEX-TF reactivity (Table 2).

Table 2.
Relationship between clinical manifestations and TUBEX-TF score
Clinical variable TUBEX-TF 4 TUBEX-TF 6 p-value
Constipation, yes/no 5/53 14/70 0.166%
Diarrhoea, yes/no 19/39 35/49 0.282%
Nausea/vomiting, yes/no 34/24 56/28 0.328¢?
Fever duration - - 0.735°

Chi-square; ® Numerical variable

Lymphocyte percentage was the only hematological parameter that differed significantly between
TUBEX-TF score groups. Mean lymphocyte percentage was higher in score 6 than score 4 (26.76 +
17.91% vs 20.57 = 16.05%; p=0.031). Neutrophil percentage tended to be lower in score 6, but the
difference did not reach statistical significance (p=0.082). No significant differences were observed

for hemoglobin, total leukocyte count, platelet count, basophils, eosinophils, or monocytes (Table
3).

Table 3.
Hematological parameters according to TUBEX-TF score
Parameter TUBEX-TF 4 TUBEX-TF 6 p value
Mean + SD Mean + SD
Hemoglobin, g/dL 11.54 +2.37 11.14 £ 1.91 0.1932
Leukocytes, /mm? 10,040 + 7,015 11,468 + 19,246 0.575°
Platelets, /mm? 262,054 + 187,389 243,878 + 165,228 (.763?
Neutrophils, % 53.44 +30.75 47.87 +27.69 0.082?
Basophils, % 0.31 £0.36 0.32 £ 0.46 0.536%
Lymphocytes, % 20.57 £ 16.05 26.76 +17.91 0.031?
Eosinophils, % 11.03 £25.00 11.50 = 24.69 0.3222
Monocytes, % 13.47 +£16.32 12.54 +10.44 0.229*

*Mann-Whittney U test

DISCUSSION

The principal finding of this study is that increasing semiquantitative anti-O9 IgM reactivity was
not accompanied by a parallel shift in the conventional clinical or hematological phenotype of
paediatric typhoid fever. Instead, lymphocyte percentage emerged as the sole parameter associated
with higher TUBEX-TF reactivity. This pattern suggests that routine hematological disturbances do
not simply scale with serological intensity and is consistent with the fact that TUBEX-TF reflects
anti-O9 IgM reactivity rather than a direct measure of bacterial burden or disease severity
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(Nurmawati et al., 2024).

The mean age of the study population was 10.8 years, consistent with the recognised burden of
enteric fever among school-aged children (Enkelmann et al., 2025). Increasing independence, food
consumption outside the home, and environmental exposure may increase opportunities for faecal-
oral transmission. The broad age range in this cohort, however, also introduces biological
heterogeneity because immune maturation and age-dependent leukocyte distributions vary
throughout childhood.

Gastrointestinal manifestations were common, particularly nausea/vomiting and diarrhoea, yet none
of the evaluated clinical features was associated with TUBEX-TF score. Paediatric enteric fever has
a heterogeneous clinical spectrum, and the frequency of specific manifestations varies with age and
setting (Enkelmann et al., 2025). Clinical symptoms reflect the integrated effects of intestinal
invasion, local and systemic inflammation, host response, disease phase, and complications,
whereas TUBEX-TF captures a specific component of the humoral response. Symptom frequency
would therefore not be expected to increase uniformly with anti-O9 IgM reactivity.

The absence of an association between fever duration and TUBEX-TF score further illustrates this
distinction. Antibody kinetics are influenced by the timing of infection, host immune response, and
prior treatment rather than by reported fever duration alone. Indonesian prospective data have also
demonstrated variation in TUBEX-TF positivity according to illness day and cutoff, reinforcing the
importance of timing when interpreting serological results (Nurmawati et al., 2024).

Haemoglobin did not differ significantly between TUBEX-TF score groups. Anaemia in typhoid
fever is multifactorial and may reflect inflammation-mediated iron restriction, reticuloendothelial
activation, marrow suppression, haemophagocytosis, nutritional status, pre-existing iron stores, or
gastrointestinal blood loss (Enkelmann et al., 2025; Ringoringo et al., 2022). These processes
operate on different timescales from an acute serological response. Because iron-status biomarkers
were unavailable, subclinical iron restriction could not be evaluated in the present study.

Among the hematological findings, the leukocyte differential provides the most biologically
compelling signal. Neutrophil percentage showed a nonsignificant tendency to decrease with greater
TUBEX-TF reactivity, whereas lymphocyte percentage was significantly higher in the score 6
group. S. Typhi is a facultative intracellular pathogen whose control requires coordinated innate and
adaptive immunity. Antigen-specific cellular responses support intracellular bacterial control, while
B-cell activation underpins the humoral response detected by serological assays (Tahir et al., 2024).
Within this framework, the higher lymphocyte proportion observed at score 6 is compatible with,
although does not prove, a relative predominance of adaptive immune activity accompanying
stronger anti-O9 IgM reactivity.

This interpretation is biologically plausible because IgM is a characteristic early product of
activated B-cell responses before selected clones undergo class-switch recombination to other
immunoglobulin isotypes (Liu et al., 2024). Prospective studies integrating absolute lymphocyte
counts, B- and T-cell immunophenotyping, quantitative anti-O9 antibody measurements, and serial
sampling would help determine whether the signal observed here maps to a definable phase or
cellular compartment of the adaptive response.

Eosinophil percentage, total leukocyte count, and platelet count were not associated with TUBEX-
TF score. Typhoid fever may present with leukopenia, a normal leukocyte count, or leukocytosis,
while platelet abnormalities may reflect marrow effects, splenic sequestration, peripheral
consumption, or systemic inflammation (Etouke et al., 2023; Ringoringo et al., 2022). The lack of a
uniform relationship with TUBEX-TF is therefore unsurprising. The absence of a significant
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platelet association is also consistent with previous work comparing hematological parameters
across the TUBEX-TF colour scale (Nugraheni et al., 2022).

Potential confounding should also be considered for eosinophil values. In endemic paediatric
populations, helminth infection may increase eosinophil counts and thereby obscure infection-
related eosinopenia; a recent large-scale cross-sectional study in Southeast Asia demonstrated a
significant association between intestinal parasitic infections and elevated peripheral eosinophilia
across pediatric and adult demographics (Webster et al., 2022). Because stool examination and
allergic history were not systematically available, these factors could not be evaluated.

The findings should also be interpreted in light of the diagnostic limitations of TUBEX-TF itself. A
recent multicentre Indonesian study found that TUBEX-TF showed variable sensitivity and
specificity depending on the selected cutoff and could overdiagnose enteric fever when compared
with culture and molecular confirmation (Nurmawati et al., 2024). Accordingly, the present analysis
addresses correlates of TUBEX-TF reactivity among clinically diagnosed children rather than
determinants of microbiologically confirmed S. Typhi infection.

Several limitations define the boundaries of inference. The retrospective, single-centre design relied
on routine documentation and did not standardise sampling by illness day or systematically grade
symptom severity. The wide paediatric age range introduces age-related variation in leukocyte
differentials. Microbiological confirmation was not available for all subjects, and the dataset did not
include absolute differential counts, lymphocyte immunophenotyping, quantitative IgM, or iron-
status biomarkers. These limitations preclude causal or diagnostic claims. Nevertheless, the study
exceeded its prespecified minimum sample size and simultaneously evaluated clinical
manifestations and multiple routinely available hematological domains within a paediatric cohort.

Collectively, these findings argue against interpreting the TUBEX-TF colour score as a surrogate
measure of the overall clinical or hematological intensity of typhoid fever. Rather, the assay appears
to capture a dimension of host humoral reactivity that is only incompletely represented by routine
peripheral-blood phenotypes. The selective lymphocyte signal is therefore of particular interest
because it offers a testable link between a widely used rapid serological assay and the cellular
architecture of adaptive immunity.

CONCLUSION

In this paediatric cohort, increasing TUBEX-TF anti-O9 IgM reactivity was not accompanied by
corresponding differences in gastrointestinal manifestations or broad alterations in routine
hematological indices. Lymphocyte percentage was the sole hematological parameter significantly
associated with TUBEX-TF score and was higher among children with score 6. This selective
relationship raises the possibility that semiquantitative serological reactivity may align more closely
with specific components of the adaptive immune response than with nonspecific hematological
manifestations of systemic inflammation. Because lymphocytes were assessed as relative
percentages rather than absolute counts and no lymphocyte immunophenotyping was performed,
this observation remains hypothesis-generating.

REFERENCES

Agrawal, A., Sharma, S., Janjua, D., Jadon, G., Chanchlani, R., & Dsouza, V. (2025). Impact of
nutritional status on the mortality and clinical outcomes of children admitted to the pediatric
intensive care unit: A systematic review and meta-analysis. Clinical Nutrition, 51, 28-39.
https://doi.org/10.1016/j.clnu.2025.06.002

Enkelmann, J., Simon, S., Trost, E., Stark, K., & Frank, C. (2025). Epidemiological characteristics
and trends of notified enteric fevers in Germany, 2001 to 2023. Eurosurveillance, 30(14).
https://doi.org/10.2807/1560-7917.ES.2025.30.14.24003 14

661



Indonesian Journal of Global Health Research, Vol 8 No 6, December 2026

Etouke, T. A. N., Ful Kuh, G., Nzesseu, V. L., Gomseu, B. E. D., Tamokou, J.-D.-D., & Dzoyem, J.
P. (2023). Association of Biochemical and Hematological Parameters With Enteric Fever
Infection at the Dschang Regional Annex Hospital, Cameroon: A Cross-Sectional Study.
Cureus. https://doi.org/10.7759/cureus.40498

Hartanto, D. (2021). Diagnosis dan Tatalaksana Demam Tifoid pada Dewasa. Cermin Dunia
Kedokteran, 48(1), 5. https://doi.org/10.55175/cdk.v48i1.1255

Liu, W., Liao, K., Wu, J., Liu, S., Zheng, X., Wen, W., Fu, L., Fan, X., Yang, X., Hu, X., Jiang, Y.,
Wu, K., Guo, Z., Li, Y., Liu, W., Cai, M., Guo, Z., Guo, X., Lu, J., ... Chen, D. (2024). Blood
culture quality and turnaround time of clinical microbiology laboratories in Chinese Teaching
Hospitals: A multicenter study. Journal of Clinical Laboratory Analysis, 38(1-2), €25008.
https://doi.org/10.1002/jcla.25008

Murni, I. K., Duke, T., Kinney, S., Daley, A. J., Wirawan, M. T., & Soenarto, Y. (2022). Risk
factors for healthcare-associated infection among children in a low-and middle-income
country. BMC Infectious Diseases, 22(1), 406. https://doi.org/10.1186/s12879-022-07387-2

Nugraheni, E., Syahrurachman, A., Dewi, B., Nainggolan, L., Arodes, E. S., & Mulyadi, M. (2022).
Hematology Parameter Based on Tubex TF® Color Scale Result in Typhoid Fever Patients.
Open Access Macedonian Journal of Medical Sciences, 10(A), 1028-1032.
https://doi.org/10.3889/0amjms.2022.9690

Nurmawati, S., Alam, A., Djauhari, H., Merati, T. P., Sudarmono, P., Setiawaty, V., Arlinda, D.,
Sugiyono, R. 1., Arief, M., Hadi, U., Aman, A. T., Lokida, D., Gasem, M. H., Tjitra, E., Liang,
C. J.,, Neal, A., Kosasih, H., Karyana, M., Lau, C.-Y., & Alisjahbana, B. (2024). Clinical
characteristics of enteric fever and performance of TUBEX TF IgM test in Indonesian
hospitals. PLoS Neglected Tropical Diseases, 18(7), e0011848.
https://doi.org/10.1371/journal.pntd.0011848

Ringoringo, H. P., Mentari, J. R. S., Hartoyo, E., & Lao, R. (2022). Hematological profile of
children under five years with typhoid fever at Idaman Banjarbaru Hospital, Indonesia. Bali
Medical Journal, 11(2), 775-778. https://doi.org/10.15562/bmj.v11i2.2669

Shafqat, Z., Kanwal, S., Yousaf, A., Shafqat, A., Kamal, Z., Zahid, M. 1., & Shabir, S. (2025).
Clinical Spectrum and Outcomes of Typhoid Fever: A Retrospective Study. Cureus.
https://doi.org/10.7759/cureus.94621

Shao, H., Zhang, X., Li, Y., Gao, Y., Wang, Y., Shao, X., & Dai, L. (2024). Epidemiology and drug
resistance analysis of bloodstream infections in an intensive care unit from a children’s
medical center in Eastern China for six consecutive years. International Microbiology, 27(5),
1345-1355. https://doi.org/10.1007/s10123-024-00481-2

Tahir, N., Khattak, S., Jamal, N., Shaikh, G., Ahmed, R., & Ahmed, W. (2024). Haematological
Manifestations in Children with Extended Drug-Resistant Salmonella Typhi Infections in a
Tertiary Care Hospital. Journal of Liaquat University of Medical & Health Sciences, 23(01),
53-57. https://doi.org/10.22442/jlumhs.2024.01082

Tipah, T. D., Nnadi, N. E., & Slavcev, R. A. (2026). Phage-Based Vaccine Platforms for Typhoid
Fever: A Transformative Approach to Global Health and Antimicrobial Resistance. Vaccines,
14(10), 869. https://doi.org/10.3390/vaccines14100869

Webster, J. L., Stauffer, W. M., Mitchell, T., Lee, D., O’Connell, E. M., Weinberg, M., Nutman, T.
B., Sakulrak, P., Tongsukh, D., & Phares, C. R. (2022). Cross-Sectional Assessment of the
Association of Eosinophilia with Intestinal Parasitic Infection in U.S.-Bound Refugees in
Thailand: Prevalent, Age Dependent, but of Limited Clinical Utility. The American Journal of
Tropical Medicine and Hygiene, 106(5), 1552—1559. https://doi.org/10.4269/ajtmh.21-0853

662



