


Case report 

Co-infection with Salmonella Typhi and Salmonella Paratyphi A in a Young Female with Prolonged Febrile Illness: A Case Report

ABSTRACT
Background: Co-infection with Salmonella enterica serovars Typhi and Paratyphi A is exceptionally uncommon. Such dual infections pose unique diagnostic and therapeutic difficulties due to overlapping clinical features, potential misidentification, and discordant antimicrobial susceptibility patterns. In endemic regions, these challenges are compounded by the increasing prevalence of antimicrobial resistance.
Case Presentation: A 29-year-old immunocompetent female presented with a prolonged febrile illness unresponsive to initial empirical antibiotics. Blood cultures revealed mixed growth of S. Typhi and S. Paratyphi A with conflicting susceptibility profiles. Comprehensive microbiological evaluation was performed, and molecular diagnostic testing confirmed the co-infection.
Discussion: This case illustrates the complexity of managing Salmonella co-infections, particularly when culture-based susceptibility results differ for each isolate. Delayed clinical improvement was attributable to these conflicting patterns, necessitating a treatment strategy guided by molecular confirmation and close clinical monitoring. In endemic settings, missed or delayed identification of such co-infections can result in treatment failure and prolonged morbidity.
Conclusion
Clinicians should maintain a high index of suspicion for Salmonella co-infections in patients with persistent febrile illness in endemic regions. Incorporating molecular diagnostics alongside traditional culture methods can improve diagnostic accuracy and guide effective treatment, especially in the face of emerging antimicrobial resistance.
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Introduction
Enteric fever is a systemic febrile illness caused by Salmonella enterica serovars Typhi and Paratyphi (A, B, and C), transmitted through ingestion of contaminated food or water. While S. Typhi accounts for the majority of cases, S. Paratyphi A is increasingly recognized, particularly in South and Southeast Asia (Harris & Brooks, 2013; Zhou et al., 2012). Co-infections involving both S. Typhi and S. Paratyphi A are not uncommon and but they may go unrecognized due to similarities in clinical presentation and limitations of conventional diagnostic methods (‘Enteric Fever in a Young Man with Bowel Wall Thickening and Hepatosplenomegaly’, 2024; Maskey et al., 2006; Pratap et al., 2014).
The rise of drug-resistant Salmonella is partly driven by the indiscriminate use of antibiotics, but more significantly by the spread of already resistant strains and the concurrent emergence of new resistance mechanisms (Nair et al., 2015). The emergence of multidrug-resistant (MDR) and extensively drug-resistant (XDR) Salmonella strains poses significant challenges to the management of enteric fever (Hamdulay et al., 2024). Accurate pathogen identification and antimicrobial susceptibility testing are crucial for efficient therapy (Xie et al., 2024). We present the case of a young woman with a enteric fever co-infection, demonstrating the diagnostic ambiguities often encountered in clinical practice. This case highlights the importance of comprehensive laboratory diagnostics, including blood culture and molecular assays, for the differentiation of pathogens. It also indicates the need for individualized antimicrobial strategies in managing the evolving resistance patterns.

Case Presentation
Patient History and Initial Presentation
A 29-year-old female with no significant past medical history presented with a 15-day history of intermittent high-grade fever, with temperatures reaching up to 39.5°C. This was accompanied by generalized malaise, headache, and occasional episodes of non-bloody loose stools. Transient improvement was reported after completing a 5-day course of oral Rifaximin and Cefixime, which was prescribed at a tertiary care medical school.  The fever recurred within 48 hours of discontinuing treatment. The patient denied recent travel, exposure to sick individuals, or consumption of high-risk foods. No known history of prior typhoid vaccine was noted.
On Admission
Upon admission, her vital signs reported a temperature of 38.8°C, blood pressure of 110/70 mmHg, and heart rate of 96 bpm. Mild pallor, without any rash or lymphadenopathy, was revealed in the general examination. Abdominal examination showed mild hepatomegaly without guarding or rebound tenderness. The remainder of the systemic examination was unremarkable.
Initial Investigations
Initial laboratory findings showed a hemoglobin level of 10.8 g/dL, a white blood cell count of 5,200/mm³ with 65% neutrophils, and a platelet count of 180,000/mm³. Inflammatory markers were elevated, with an ESR of 40 mm/hr and CRP at 46 mg/L. Liver function tests revealed mildly elevated transaminases (ALT/AST), while renal function remained normal with a serum creatinine of 0.7 mg/dL. An abdominal ultrasound showed hepatomegaly with borderline splenomegaly. A malaria rapid diagnostic test and Salmonella IgM (ICT) were negative. However, a prior external blood culture report identified Salmonella Typhi, sensitive to cefixime and ceftriaxone. Based on this result, she was started on intravenous ceftriaxone 2 g once daily and oral azithromycin 1 g once daily.
Clinical Course and Diagnostic Challenges
Despite 72 hours of appropriate antibiotic therapy, the patient remained febrile. Repeat blood cultures were sent for analysis, and antibiotics were continued. The in-house blood cultures (Day 3 of admission) showed growth in 4 out of 4 bottles within 24–48 hours. Gram stain revealed Gram-negative bacilli. VITEK identification confirmed Salmonella species. Antimicrobial susceptibility testing revealed resistance to ceftriaxone and meropenem, but sensitivity to azithromycin and trimethoprim-sulfamethoxazole. In light of ceftriaxone resistance and persistent fever, therapy was escalated to ceftazidime-avibactam.
Microbiological Dilemma and Advanced Diagnostics
[bookmark: _myalszi8fv49]Due to the conflicting susceptibility results and variable response to treatment, further microbiological analysis was pursued. Morphologically similar colonies from two separate blood culture bottles were subcultured individually. Bottle A was identified as an unspecified Salmonella species, while Bottle B was identified as Salmonella Typhi with a 99% probability via VITEK. These initial VITEK reports provided important but incomplete insights. To resolve the discrepancy and clarify the identity of the isolates, both were referred to the Department of Microbiology at Christian Medical College (CMC), Vellore, for advanced phenotypic and molecular identification. The CMC report confirmed that Bottle A contained a mixed culture of Salmonella Typhi and Salmonella Paratyphi A, while Bottle B yielded a pure isolate of S. Typhi. The findings from CMC correlated with the VITEK results but added greater resolution, confirming the co-infection and accounting for the variable antimicrobial resistance profiles. Each isolate exhibited distinct susceptibility patterns, which explained the inconsistencies in culture reports and therapeutic response. Follow-up cultures after targeted therapy were sterile, indicating effective microbial clearance.
Treatment and Outcome
After confirmation of co-infection and updated susceptibility profiles, azithromycin was continued, ceftriaxone was discontinued, and ceftazidime-avibactam was maintained based on resistance patterns and documented synergy. The patient became afebrile on the fifth day after therapy escalation. No complications occurred during the remainder of her hospital stay. Follow-up cultures were sterile, indicating effective treatment of the pathogens. She completed a 14-day course of antibiotics with regular monitoring of hepatic and renal function. She was discharged in stable condition and remained asymptomatic at her 1-month follow-up visit.
Discussion
This case underscores the complexity in diagnosing Salmonella co-infections, particularly co-infections with Salmonella enterica serovars Typhi and Paratyphi A. The clinical similarities between typhoid and paratyphoid fever, which include overlapping symptoms and similar colony morphology, complicate accurate diagnosis. Both conditions are caused by Salmonella species, posing challenges in distinguishing between them, particularly in endemic regions (Shi et al., 2015; Wijedoru et al., n.d.). Initial identification using an automated system (VITEK) yielded conflicting results: one blood culture bottle (Bottle A) was reported as an unspecified Salmonella species, while the other (Bottle B) was identified as Salmonella Typhi with high confidence. Given the indefinite findings and the patient’s suboptimal clinical response, further microbiological investigation was required. Routine laboratory methods, including automated identification systems like VITEK and standard serotyping, may lack the resolution to detect multiple serovars in a single sample, further complicating the diagnostic process (Saha et al., n.d.).
Upon subculturing and advanced analysis at the Department of Microbiology, Christian Medical College (CMC), Vellore, it was revealed that Bottle A carried a co-infection with Salmonella Typhi and Salmonella Paratyphi A, while Bottle B contained a pure culture of S. Typhi. This explained both the discordant laboratory results and the differences observed in antimicrobial susceptibility profiles, which impacted the effectiveness of empirical therapy. Salmonella co-infections can clinically manifest as biphasic or persistent febrile episodes despite appropriate antimicrobial therapy (Perera et al., 2007). This phenomenon may be attributed to differing antimicrobial susceptibility patterns between S. Typhi and S. Paratyphi A, necessitating a broader empirical approach to treatment. Culturing multiple blood samples and analyzing isolates separately can enhance the detection of co-infections. 
Azithromycin continues to be a reliable empirical option due to its intracellular activity and documented efficacy against both S. Typhi and S. Paratyphi A (Sharma et al., 2019). However, rising resistance to third-generation cephalosporins in endemic areas underscores the need for continuous resistance surveillance and individualized treatment planning (Chukwu et al., 2022). The limited number of reported co-infections in the literature may indicate underdiagnosis rather than true rarity. In many instances, one serovar, typically the more abundant or faster-growing one, dominates the culture, potentially masking the presence of a co-infecting strain. This can lead to incomplete treatment, prolonged bacteremia, and increased risk of complications. 

Conclusion
This case highlights the importance of considering Salmonella co-infections in patients with persistent febrile illness, especially in endemic settings. When faced with discordant laboratory results or treatment failure, clinicians should pursue repeat cultures and advanced diagnostic testing. Collaboration with reference laboratories for phenotypic and molecular confirmation may be essential in guiding effective management in complex cases. This case underscores the importance of heightened clinical awareness, comprehensive diagnostic strategies, and robust antimicrobial stewardship to manage Salmonella co-infections effectively.
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