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coinfection in a non-endemic
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Introduction: Coinfection of pulmonary tuberculosis and scrub typhus caused
by Orientia tsutsugamushi is exceptionally rare. Overlapping clinical and
radiologic features, together with the frequent absence of clear epidemiologic
clues, complicate timely diagnosis.

Case presentation: A 57-year-old man residing in a non-endemic region
presented with a left-sided cavitary lung lesion on imaging. Computed
tomography (CT)-guided percutaneous lung biopsy, acid-fast bacillus staining,
and Mycobacterium tuberculosis DNA PCR established the diagnosis of active
cavitary pulmonary tuberculosis. Despite initiation of a standard first-line
anti-tuberculosis regimen, high-grade fever persisted. Metagenomic next-
generation sequencing (MNGS) of bronchoalveolar lavage fluid (BALF) detected
O. tsutsugamushi, which was subsequently confirmed by a positive IgM
indirect immunofluorescence assay (IFA). Doxycycline was added, leading to
defervescence within 48 h and marked symptomatic improvement. On follow-
up, chest CT demonstrated lesion absorption and cavity shrinkage, while new
fibrotic changes emerged. The patient was started on maintenance pirfenidone
and prescribed home oxygen therapy.

Conclusion: In patients with pulmonary tuberculosis who exhibit persistent
fever or suboptimal response despite appropriate therapy—and after excluding
drug resistance—scrub typhus should be included in the differential diagnosis,
even in non-endemic settings without a typical exposure history. Longitudinal
imaging in this case also shows that irreversible structural remodeling may occur
despite microbiologic control, underscoring the need to pair prompt pathogen-
directed therapy with ongoing monitoring and early strategies to preserve lung
function.
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1 Introduction

Scrub typhus is an acute, mite-borne zoonosis caused by Orientia
tsutsugamushi, transmitted by the bites of infected chigger larvae, and
is widely endemic across the Asia-Pacific region (1). Its clinical
manifestations are protean: while acute fever, rash, lymphadenopathy,
and the pathognomonic eschar are classic, a substantial proportion of
patients lack typical cutaneous signs, complicating recognition—
particularly outside endemic areas (2, 3). The disease can involve
multiple organ systems; respiratory involvement is not uncommon
and ranges from mild bronchitis and interstitial pneumonia to acute
respiratory distress syndrome (4).

Pulmonary tuberculosis, caused by Mycobacterium tuberculosis,
remains a major global infectious disease (5). Tuberculosis shares
overlapping features with scrub typhus—including fever, respiratory
symptoms, and radiographic pulmonary infiltrates—which increases
the risk of missed or delayed diagnosis in non-endemic settings (5, 6).
Concomitant infection with O. tsutsugamushi and tuberculosis is rare,
and data on clinical characteristics, outcomes, and longer-term
pulmonary sequelae remain limited.

Here, we report a case of cavitary pulmonary tuberculosis with
confirmed O. tsutsugamushi coinfection in a non-endemic region,
highlighting diagnostic pitfalls and the potential for persistent
structural lung injury despite microbiologic control.

2 Case presentation

A 57-year-old man was admitted on January 30, 2023, with a
1-month history of left-sided chest pain and cough producing scant
white mucoid sputum, and a 15-day history of fever accompanied by

10.3389/fmed.2025.1692918

hemoptysis (see Figure 1). One month prior to admission,
he developed persistent dull pain over the left anterior chest without
an identifiable trigger, along with cough and small amounts of whitish
sputum but no hemoptysis; he did not seek formal medical care. On
January 15, 2023, the patient developed fever (maximum 39.0 °C)
accompanied by hemoptysis without clots. Chest CT at an outside
hospital demonstrated multifocal bilateral infectious infiltrates with
areas of consolidation, a thick-walled cavity with an air-fluid level in
the left upper lobe, bilateral pleural effusions, and mildly enlarged
mediastinal lymph nodes (Figure 2a). Based on the clinical and
radiologic findings, mixed infection with Gram-negative bacilli and
Gram-positive cocci was suspected. Empiric therapy with piperacillin-
tazobactam (4.5 g every 8 h) plus ornidazole (0.5 g every 12 h) was
initiated, together with nebulized N-acetylcysteine and salbutamol,
Tanreqing injection for symptomatic relief, and therapeutic
thoracentesis. Chest pain partially improved, but cough and sputum
persisted. On January 18, 2023, a CT-guided percutaneous
transthoracic needle biopsy was performed. Histopathology finalized
on January 20 revealed granulomatous inflammation with caseous
necrosis (Figure 2b). Ziehl-Neelsen acid-fast staining was positive
(Figure 2¢), and Mycobacterium tuberculosis DNA PCR was positive.
Integrating the radiologic and pathologic findings, a diagnosis of
active cavitary pulmonary tuberculosis was established. A guideline-
concordant 2HRZE/4HR regimen—isoniazid 300 mg, rifampicin
600 mg, pyrazinamide 1,600 mg, and ethambutol 1,200 mg—was
initiated and subsequently tailored according to serial sputum culture
results and interval radiologic reassessments. The fever curve
attenuated overall, yet intermittent fever persisted with a maximum
temperature of 38.1 °C. For personal reasons, the patient was
discharged on January 25 with instructions to continue the oral anti-
tuberculosis regimen. On January 31, fever worsened (peak 39.6 °C)
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FIGURE 1
Patient treatment timeline.
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FIGURE 2

resolved, with bilateral focal reticular and linear fibrotic opacities.

Radiologic, histopathologic, and laboratory findings. (a) Chest CT shows multifocal infectious opacities in both lungs with areas of consolidation and a
cavitary lesion in the left upper lobe; small bilateral pleural effusions are present. (b) Hematoxylin—eosin staining demonstrates caseous necrosis
surrounded by dense inflammatory cell infiltration. (c) Ziehl-Neelsen acid-fast bacillus stain is positive, supporting tuberculosis; Periodic acid—Schiff
and Gomori methenamine silver stains are negative. (d) Interval CT reveals progression of multifocal pulmonary infection, a newly formed right upper-
lobe cavity, slight enlargement of the pre-existing left upper-lobe cavity, and small bilateral pleural effusions (increased on the right, decreased on the
left). (€) Bronchoalveolar lavage fluid differential cell count: epithelial cells ~ 40% of total cells; inflammatory cells ~ 60% (neutrophils ~ 70%,
lymphocytes ~ 20%, histiocytes ~ 10%). (f) Serum IgM IFA demonstrates bright, granular apple-green fluorescence; Orientia tsutsugamushi IgM is
positive. (g) Follow-up CT shows decreased infectious lesions and reduction in the size of bilateral upper-lobe cavities; small bilateral pleural effusions
with decreased volume on the right and a slight increase on the left. (h) Infectious opacities have nearly resolved, with marked contraction of upper-
lobe cavities and near-complete absorption of bilateral pleural effusions; new focal fibrotic changes are evident. (i) Prior upper-lobe cavities have

with ongoing cough, sputum, and hemoptysis; home ibuprofen
provided inadequate control. He was readmitted on February 4, 2023,
to our Department of Respiratory and Critical Care Medicine for
further management. The patient was previously healthy, with no
major chronic comorbidities. He had prior trauma to the scalp, right
knee, and right chest, and denied residence in or travel to
forested areas.

On admission, vital signs were: temperature 36.5 °C; respiratory
rate 20 breaths/min; pulse 78 beats/min; blood pressure 124/67 mmHg;
and peripheral oxygen saturation 98% while receiving 2 L/min
supplemental oxygen via nasal cannula. The patient appeared
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subacutely ill, with an old scar at the vertex. Pulmonary examination
revealed bilateral dullness to percussion with decreased breath sounds
and a few moist crackles. Cardiac examination showed a regular
rhythm at 78 beats/min. An old scar was present over the right knee,
and there was no edema of either lower limb.

On the day of admission, laboratory testing showed elevated
C-reactive protein (25.59 mg/L) and fibrinogen (6.17 g/L). Cardiac
enzyme studies demonstrated increased lactate dehydrogenase (LDH,
264 U/L) and a-hydroxybutyrate dehydrogenase (a-HBDH, 213 U/L).
Complete blood count revealed leukocytosis (11.09 x 10A9/L) with
neutrophilia (absolute neutrophil count 8.22 x 10A9/L). Lymphocyte
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subset analysis and arterial blood gas analysis were unremarkable (see
Supplementary Table 1). Contrast-enhanced chest CT with three-
dimensional reconstruction indicated progression of multifocal
pulmonary infection compared with prior imaging, with a newly
formed right upper-lobe cavity (heterogeneous wall thickness) and
enlargement of the pre-existing left upper-lobe cavity with irregular
walls (Figure 2d). Cardiac troponin; the comprehensive cardiac
enzyme panel; Mycoplasma pneumoniae antibodies; stool routine and
fecal occult blood testing; sputum acid-fast bacillus smear; sputum
Mycobacterium tuberculosis DNA; 1,3-f-D-glucan; Epstein-Barr virus
DNA; and tumor markers were unremarkable; antigen screening for
hepatitis A, B, and C viruses and HIV was negative.

After admission, the existing anti-tuberculosis regimen was
continued, and empiric moxifloxacin 0.4 g IV once daily was added to
broaden coverage for non-mycobacterial pathogens. Given concern
for post-COVID-19 immune pneumonitis or an atypical-pathogen—
related hyperinflammatory response, baricitinib was introduced for
immunomodulation. Upon confirmation of a left-sided pleural air-
fluid collection, a chest tube was placed for drainage. Nebulized
N-acetylcysteine and salbutamol were maintained, with Tanreqing
injection provided for symptomatic relief. Following these measures,
chest pain improved markedly; however, cough and sputum
production persisted, and the maximum temperature reached
39.5 °C. On February 7, 2023, flexible bronchoscopy showed blood-
tinged BALF with patent airways. Brushings from the left main
bronchus were submitted for bacteriology and cytology, and BALF
was sent for culture, mNGS, rifampicin-resistance testing, and
exfoliative cytology. On February 9, 2023, BALF-mNGS detected
Mycobacterium tuberculosis (442 reads, relative abundance 12.98%)
and a single read of Orientia tsutsugamushi (< 0.01%) (see
Supplementary Figures 1-3). Real-time PCR for rifampicin resistance
in BALF was negative. BALF cytology showed approximately 40%
epithelial cells and 60% inflammatory cells (neutrophils 70%,
lymphocytes 20%, histiocytes 10%) (Figure 2e). In the clinical context,
coinfection with O. tsutsugamushi was strongly considered; serum
IgM IFA was positive at a titer of 1:160 (Figure 2f). On February 21,
2023, the patient was discharged in stable condition with instructions
to take medications regularly and to follow up at the local tuberculosis
hospital. On March 1, under local guidance, doxycycline was
discontinued while anti-tuberculosis therapy was continued. On June
2, 2023, outpatient CT showed a marked decrease in bilateral
infectious foci with cavity shrinkage and areas of fibrosis; the
apicoposterior-segment cavity of the left upper lobe had resolved, and
most pleural effusion had been absorbed (Figure 2h), indicating a
favorable response. N-acetylcysteine (600 mg, twice daily) was
recommended, and addition of pirfenidone for antifibrotic therapy
was advised; however, for personal reasons the patient declined
pirfenidone, took N-acetylcysteine for one month, and then stopped
it on his own. He continued regular sputum cultures and chest
imaging at the local tuberculosis hospital and discontinued anti-
tuberculosis drugs on October 26, 2023. On April 17, 2024,
he re-presented to our clinic with chest tightness and dyspnea. CT
demonstrated resolution of the prior upper-lobe cavities with bilateral
focal reticular and linear opacities—predominantly in the right lower
lobe (dorsal segment) and part of the left lower lobe—together with
cavitary-like change and tractional distortion around the right hilum,
consistent with fibrotic band formation after lesion repair (Figure 2i).
Post-infectious pulmonary fibrosis was considered. Hospital
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admission for evaluation and treatment was recommended but
declined. Long-term pirfenidone and home oxygen therapy were
initiated: 200 mg three times daily initially, up-titrated over two weeks
to a maintenance dose of 600 mg three times daily.

3 Discussion

This case illustrates a rare coinfection of cavitary pulmonary
tuberculosis and scrub typhus caused by Orientia tsutsugamushi.
Although conventional imaging, histopathology, and molecular assays
rapidly established tuberculosis, the patients high-grade fever
persisted despite guideline-concordant therapy. On admission, BALF
real-time PCR for rifampicin resistance was negative, decreasing the
likelihood of drug-resistant tuberculosis and suggesting an additional
concomitant disease process. Reported instances of tuberculosis—
scrub typhus coinfection are scarce but have been described in
Southeast Asia and southern China, including cases of pulmonary
tuberculosis with hemorrhagic fever with renal syndrome and scrub
typhus, and tuberculous meningitis complicated by scrub typhus
meningitis; in both, high-throughput sequencing and serology
established the diagnosis and guided effective treatment (6, 7).
Compared with prior reports, our case adds clarity by demonstrating
that: (i) coinfection occurred in cavitary pulmonary tuberculosis—a
phenotype prone to intense inflammation and secondary pathogens;
(ii) early BALF-mNGS was pursued when the patient appeared
unresponsive to anti-tuberculosis therapy, providing a practical trigger
for broad-spectrum testing; and (iii) rapid defervescence followed
organism-specific treatment, underscoring that timely recognition of
dual pathogens can shorten the time to appropriate therapy and help
limit downstream injury. mNGS is a hypothesis-free, broad-spectrum
diagnostic approach that can survey viruses, bacteria, fungi, and
parasites within a single assay (8). In this patient, bronchoalveolar
lavage mNGS promptly indicated coexistence of Mycobacterium
tuberculosis and O. tsutsugamushi, which was subsequently
corroborated by serologic IgM testing. Prior studies show that mNGS
outperforms conventional methods for pathogen detection in difficult-
to-diagnose pulmonary infections and fever of unknown origin, and
is particularly valuable for rapidly identifying rare or mixed infections
(9-12). In this case, the low read abundance for O. tsutsugamushi on
mNGS is likely multifactorial: (i) trace contamination during
specimen collection or processing may generate low-level background
signals; (ii) early antimicrobial therapy and host immune clearance
can markedly reduce circulating or local pathogen nucleic-acid
burden; and (iii) when infection is focal and the baseline bacterial load
is low, the detected signal may approach the analytical limit of
detection. Nevertheless, the totality of evidence—including clinical
and epidemiologic features consistent with scrub typhus, a positive
IgM serology, and rapid defervescence after targeted therapy—favors
true infection over contamination. Given the inherent uncertainty of
low-abundance reads, mNGS findings should be interpreted in
conjunction with serology and other orthogonal modalities, while
considering sampling chronology and treatment history, to minimize
missed or incorrect diagnoses (13, 14).

After the diagnosis of cavitary pulmonary tuberculosis, a
guideline-concordant regimen (isoniazid, rifampicin, ethambutol,
and pyrazinamide) was initiated to control the primary lesions and
reduce mycobacterial burden (15). Although rifampicin exhibits
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some in vitro and clinical activity against Orientia tsutsugamushi, its
dose and dosing frequency in anti-tuberculosis therapy are
optimized for the pharmacodynamics of Mycobacterium tuberculosis
and may not sustain bactericidal intracellular concentrations
against O. tsutsugamushi for a sufficient duration (16, 17). As an
obligate intracellular pathogen with a relatively prolonged
replication cycle, O. tsutsugamushi can persist and drive chronic
inflammation if not suppressed with an adequate, targeted course
(18). International guidelines and evidence syntheses list
doxycycline or azithromycin as first-line agents for scrub typhus,
whereas rifampicin is considered an alternative in selected scenarios
with overall limited evidence (17). In this case, once mNGS and
serology confirmed O. tsutsugamushi, doxycycline 0.1 g (100 mg)
orally twice daily was added for 21 days on top of anti-tuberculosis
therapy. The patient defervesced within 48 h with marked
improvement in respiratory symptoms, mirroring the rapid clinical
response to tetracyclines described in the literature (17).
Doxycycline achieves favorable intracellular penetration, covers the
pathogen’s replication window, and has been reported to inhibit
matrix metalloproteinase activity, potentially limiting extracellular
matrix degradation and lung tissue injury and thereby slowing post-
inflammatory fibrotic remodeling (18-20). In patients with chronic
tuberculosis lesions and/or impaired host defenses, dual pathogens
may amplify inflammatory intensity, disease extent, and reparative
responses, increasing the risk of parenchymal destruction and
fibrosis (18, 21, 22). Scrub typhus can induce interstitial pneumonia
and diffuse alveolar damage with upregulation of pro-fibrotic
mediators, while tuberculosis foci maintain a low-grade
inflammatory microenvironment; together, these processes may
form a feed-forward loop that accelerates fibrosis (18, 21). For such
complex infections, combining anti-tuberculosis and
anti-O. tsutsugamushi therapy not only reduces pathogen load and
dampens inflammation promptly but also creates a therapeutic
window for subsequent antifibrotic interventions (22, 23). Despite
microbiologic control in our patient, follow-up imaging
documented post-infectious pulmonary fibrosis characterized by
patchy reticulation and linear opacities, with exertional dyspnea
requiring long-term low-flow oxygen (22). Given the lack of
standardized treatment for post-infectious pulmonary fibrosis,
current practice often extrapolates from idiopathic pulmonary
fibrosis/progressive fibrosing ILD paradigms—pirfenidone or
nintedanib—alongside pulmonary rehabilitation, long-term oxygen
therapy, and nutritional support (23, 24). Although the patient
initially declined pirfenidone, later adherence combined with home
oxygen was associated with gradual symptomatic improvement.
This trajectory underscores the importance of early recognition of
coinfection and integrated pathogen-directed plus antifibrotic
management to optimize long-term respiratory function and quality
of life. Beyond scrub typhus, tuberculosis in Asia frequently coexists
with other pathogens and carries important diagnostic and
therapeutic implications. In Southeast Asia, a single-center study
from Cambodia reported that among adults evaluated for
respiratory infection, 33% of those with pulmonary tuberculosis
had concomitant non-mycobacterial bacterial infections—
predominantly Klebsiella and Pseudomonas—and coinfection was
particularly common in patients with cavitary disease (25),
underscoring the need to actively investigate secondary pathogens
in cavitary tuberculosis. Viral-tuberculosis interactions also
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warrant attention: systematic reviews indicate measurable
bidirectional effects between influenza and tuberculosis; during the
COVID-19 period, tuberculosis—-SARS-CoV-2 coinfection has been
associated with increased disease severity and mortality, and
clinicians must consider contraindications between antivirals and
rifampicin (e.g., nirmatrelvir/ritonavir) (26, 27). Finally, post-
tuberculosis structural lung disease in Asia confers susceptibility to
chronic pulmonary aspergillosis (CPA); recent syntheses and
multicenter surveys—several from Indonesia—identify CPA as a
common yet under-recognized sequel of tuberculosis with
substantial mortality, mandating vigilance for fungal coinfection
and careful antifungal selection, particularly regarding rifampicin-
triazole interactions (28-31). Taken together, these regional data
support a systematic search for coinfections in Asian tuberculosis
cases whenever persistent fever, cavitation, or discordant treatment
responses are present.

Notably, this case occurred in a non-endemic area and
without a typical outdoor exposure history, suggesting either a
shifting geographic distribution of scrub typhus or the presence
of under-recognized, cryptic transmission chains (32, 33). In
China, the incidence and spatial footprint of scrub typhus have
expanded substantially in recent years: the national annual
incidence rose from 0.09 per 100,000 in 2006 to 1.60 per
100,000 in 2016, and further to 1.93 per 100,000 in 2018, with
case counts increasing exponentially (32, 34, 35). Spatially,
affected rural townships increased from 422 to 4,083 and urban
towns from 194 to 942 between 2006 and 2016; by 2011-2016,
cases had been reported across all 31 provinces (32). Provinces
previously regarded as non-endemic—such as Shandong and
Heilongjiang—have reported cases since 1986, with sporadic
occurrences in cities and non-traditional rural settings as well
(33, 35, 36). These shifts likely reflect multiple drivers, including
climate change, northward expansion of suitable habitats for
chiggers and reservoir hosts, population mobility, and improved
diagnostic capacity (32, 33, 35). Clinically, this means that—even
in non-endemic regions—persistent fever under appropriate anti-
tuberculosis therapy with unrevealing routine tests should
prompt consideration of scrub typhus and other vector-borne
diseases, with early deployment of broad-spectrum assays such
as mNGS. From a public health perspective, surveillance
networks for vector-borne infections should be strengthened
and expanded—particularly as climate change enlarges potential

habitats—and  front-line  clinicians’  awareness  and
diagnostic proficiency regarding scrub typhus should
be enhanced to facilitate early recognition of

uncommon coinfections.

4 Conclusion

In regions non-endemic for scrub typhus, persistent fever in
patients with tuberculosis despite guideline-concordant therapy
and unrevealing routine tests should prompt early consideration
of coinfection and a comprehensive pathogen work-up, including
mNGS where available. Coinfection with Mycobacterium
tuberculosis and Orientia tsutsugamushi may increase diagnostic
and therapeutic complexity and heighten the risk of post-
infectious pulmonary fibrosis; accordingly, pathogen control
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should be paired with lung-function preservation and longitudinal
follow-up. This case provides preliminary evidence that
concomitant infection with M. tuberculosis and O. tsutsugamushi
may contribute to the development of pulmonary fibrosis;
however, a single case report is insufficient to establish causality.
Rigorous mechanistic investigations and well-designed controlled
studies are warranted to elucidate the underlying pathophysiology
selection,

and to define optimal strategies for patient

pharmacotherapy, and monitoring.
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