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a b s t r a c t 

Objectives: Tropheryma whipplei ( T. whipplei ) is the causative bacterium of Whipple’s disease (WD), a 

chronic and systemic infectious condition that predominantly affects the gastrointestinal tract. Sporadic 

cases of T. whipplei pneumonia have been documented recently. 

Methods: This multicenter retrospective observational study was conducted on patients with T. whipplei 

positive respiratory specimens admitted to Peking University People’s Hospital and China-Japan Friend- 

ship Hospital, from Apr 2021 to Jul 2024. Metagenomic next-Generation sequencing (mNGS) was per- 

formed using the patient’s bronchoalveolar lavage fluid (BALF), and the quantitative polymerase chain 

reaction (qPCR) of T. whipplei was also adopted. The clinical data of patients were systematically evalu- 

ated. 

Results: Among 91 patients (aged 25-82, mean 57; 48% male), common symptoms included cough (60%), 

expectoration (48%), dyspnea (42%), and fever (30%). Notably, 22% were asymptomatic. Besides, 20 pa- 

tients (22%) had a pre-existing condition of interstitial lung disease. Among all 91 patients, 14 were di- 

agnosed with pneumonia, while the remaining 77 had bacterial colonization. Pneumonia cases showed 

higher T. whipplei mNGS reads than colonization ( P = 0.0298). Samples testing positive for T. whip- 

plei by qPCR exhibited significantly higher mNGS sequence reads compared to qPCR-negative samples 

( P < 0.0 0 01). All pneumonia patients received antibiotics therapy tailored to their condition. One died 

from respiratory failure, while the remaining 13 recovered. 

Conclusion: The application of mNGS on respiratory specimens stands as an exceptional diagnostic 

modality, proficient in identifying rare microbial infections, exemplified by those induced by T. whip- 

plei . Future research should launch prospective trials to optimize regimens, assess outcomes, and track 

long—term survival precisely. 

© 2026 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Whipple’s disease(WD) stands as an uncommon infectious ail- 

ent, with its prevalence estimated to range from 1 to 10 cases 

or every million people, and it predominantly impacts white men 
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ged over 50 [ 1 , 2 ]. It primarily targets the joints (articular sys-

em), digestive tract (alimentary system), heart and blood vessels 

cardiovascular system), and nervous system of those affected. In- 

ection with Tropheryma whipplei ( T. whipplei ) can lead to chronic 

onditions, including systemic or classical WD or localized infec- 

ions, as well as acute infections such as gastroenteritis and pneu- 

onia, and may also result in individuals becoming asymptomatic 

arriers [ 3 ]. T. whipplei is ubiquitously present in the environment 

nd transmitted by the fecal-oral or oral-oral route from a solely 

uman pool [ 4 ]. 
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With advancements in molecular biology technology, nucleotide 

equencing and PCR amplification techniques were employed in 

991 to initially identify the bacterial 16S ribosomal DNA in small- 

owel biopsy samples taken from patients suffering from classic 

D [ 5 ]. Later on, PCR technology has been utilized to detect the 

NA of T. whipplei in a variety of samples, such as stool, saliva, 

rine, blood, cerebrospinal fluid, and bronchoalveolar lavage fluid 

BALF) [ 6 , 7 ]. In 2011, T. whipplei was successfully cultured for the

rst time from the BALF of an elderly female patient who primarily 

xhibited symptoms of fever, night sweats, and respiratory distress. 

his breakthrough highlighted the emerging recognition of T. whip- 

lei as a clinically significant respiratory pathogen [ 7 ]. In recent 

imes, owing to the clinical application of mNGS, sporadic cases 

f T. whipplei pneumonia have been documented [ 3 , 8 ]. In this re-

earch, we conducted a retrospective analysis of T. whipplei identi- 

ed through mNGS in BALF specimens collected from two hospitals 

ocated in Beijing. 

ethods 

tudy design and data collection 

This is a multicenter retrospective study conducted on patients 

ith T. whipplei positive in BALF specimens admitted to Peking 

niversity People’s Hospital and China-Japan Friendship Hospital, 

rom Apr 2021 to Jul 2024. Epidemiological, demographic, clinical, 

aboratory, treatment, and outcome data were extracted from elec- 

ronic medical records. 

atients 

Inclusion criteria: (1) patients ( ≥18 years old) discharged from 

he hospital and detected with T. whipplei positive in BALF spec- 

men sat Peking University People’s Hospital and China-Japan 

riendship Hospital, from Apr 2021 to Jul 2024; (2) complete 

equired data; (3) all patients underwent metagenomic next- 

eneration sequencing (mNGS); and (4) Two pulmonary physicians 

onfirmed the diagnosis based on historical epidemiology, clinical 

anifestations, and laboratory tests. 

NGS 

The 250 μl sample was used to extract nucleic acids using 

he MagPure Pathogen DNA/RNA Extraction Kit (Magen Biotech- 

ology, Guangzhou, China). Jurkat cells (c101-b; IGE Biotechnology, 

uangzhou, China) were used as negative controls (NCs) to detect 

ontamination, and Jurkat cells spiked with Bacillus subtilis (Guang- 

ong Microbial Culture Collection Center, Guangzhou, China) were 

sed as positive controls (PCs). 

Libraries were constructed for DNA samples using the KAPA 

NA HyperPrep Kit (KK8504; Kapa Biosystems, Wilmington, MA, 

SA). Library concentrations were quantified using the Qubit ds- 

NA HS Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA). 

he libraries were pooled and sequenced using a NextSeqTM 550Dx 

equencer (Illumina) with a 75-bp single-end loading method to 

enerate more than 20 million reads for each sample. 

The FASTQ format data obtained from sequencing were sub- 

ected to Trimmomatic v0.40 [ 9 ] for high-quality sequencing data. 

owtie2 v2.4.3 [ 10 ] was used to compare the data with the hu-

an reference genome GRCh37 (hg19) to filter out human host se- 

uences. The remaining sequences were aligned with a previously 

onstructed reference database (including 24,0 0 0 + pathogens) [ 11 ] 

o identify the pathogens in the sample using Kraken2 v2.1.0 

 12 ]. The specific parameters used with Kraken were the refer- 

nce database, which was the PlusPF database (downloaded on 

/12/2022) containing refseq archaea, bacteria, viruses, fungi, and 
2 
rotozoa. The species-specific read number was normalized to 

eads per million (RPM). The RPM ratio is the ratio between the 

PM values of the sample and the negative control. 

uantitative polymerase chain reaction (qPCR) detection 

DNA was extracted from a 200 μl sample using a QIAamp®

NA Mini Kit (Qiagen, Germany), following the manufacturer’s in- 

tructions, and stored at −80 °C until processing for PCR. DNA 

as amplified via 2 qPCR targeting two different noncoding se- 

uences that were repeated 7 times in the genome of T. whip- 

lei [ 4 ]. The first T. whipplei PCR, which targeted a 105-bp re- 

eated sequence of the bacterium, incorporated the primer pair 

W27F (TGTTTTGTACTGCTTGTAACAGGATCT) and TW182R (TCCT- 

CTCTATCCCTCCTATCATC) and a Taqman probe 27F-182R (FAM- 

GAGATACATTTGTGTTAGTTGTTACA-TAMRA) into the reaction mix. 

he primers and probe were synthesized by Tsingke (Beijing Ts- 

ngke Biotech Co., Ltd., Beijing, China). The qPCR was performed 

ith an ABI 7500 instrument (Applied Biosystems, USA) using 20 

l reaction volumes consisting of: 1 μl of DNA, 10 μl of 2 ×AceQ 

niversal U + Probe Master Mix V2 (Vazyme, Nanjing, China), 0.4 μl 

orward primer (10 μmol/l), 0.4 μl reverse primer (10 μmol/l), 0.2 

l probe (10 μmol/l), and 8 μl water. The amplification conditions 

ere as follows: 95 °C for 5 min, 40 thermocycles at 95 °C for 15 s,

nd 60 °C for 30 s. If the result of the first assay was positive, it was

ystematically confirmed by a second PCR assay, with a primer pair 

W13F (TGAGTGATGGTATGTCTGAGAGATATGT) and TW163R (TC- 

ATAACAAAGACAACAACCAATC) and Taqman probe 13F-163R (FAM- 

GAAGAAGATGTTACGGGTTG-TAMRA) targeting a different DNA se- 

uence; the same amplification conditions described above were 

sed. 

thics statement 

This study was approved by the Ethics Committee of the Peking 

niversity People’s Hospital (2025PHB0 01-0 01). Since the study 

as conducted retrospectively and did not involve any identifiable 

atient information in the manuscript, the requirement for obtain- 

ng consent was deemed unnecessary and was therefore waived. 

esults 

atient characteristics associated with positive T. whipplei detection 

From Apr 2021 to Jul 2024, a total of 91 bronchoalveolar lavage 

uid specimens obtained from 91 distinct patients tested positive 

or T. whipplei via mNGS at two hospitals in Beijing. Specifically, 

2 samples were collected from Peking University People’s Hospital 

nd 29 samples from China-Japan Friendship Hospital. 

The patients’ ages spanned from 25 to 82 years, with a mean 

ge of 57 years. The gender distribution was equal, with a male- 

o-female ratio of 48% (44 males out of 91 patients). Among these 

atients, 20 (22%) had a pre-existing condition of interstitial lung 

isease, and 11 (12%) had bronchial asthma. Additionally, 15 pa- 

ients (16%) were immunocompromised, and 27 patients (30%) had 

 history of allergies to drugs, pollen, or food ( Table 1 ). 

Notably, 20 patients (22%) were asymptomatic but exhibited 

bnormal lung imaging findings during routine physical examina- 

ions. The most prevalent clinical symptoms included cough (60%, 

 = 55), expectoration (48%, n = 44), dyspnea (42%, n = 38), 

nd fever (30%, n = 27). Laboratory tests were conducted within 

8 hours of hospital admission. The average white blood cell 

WBC) count was 7.42 × 109 /L, the average neutrophil count was 

.03 × 109 /L, and the average erythrocyte mean corpuscular vol- 

me was 91 fl ( Table 2 ). 
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Table 1 

Demographic characteristics and basic diseases of patients with T. whipplei positive 

in lower respiratory tract specimens. 

Parameters Patients ( n = 91) 

Age (mean) 57 

Male 44 (48%) 

Basic diseases 

Hypertension 27 (30%) 

Diabetes 19 (21%) 

Interstitial lung disease 20 (22%) 

Bronchial asthma 11 (12%) 

Chronic bronchitis 6 (7%) 

Bronchiectasis 6 (7%) 

COPD 1 (1%) 

Immunocompromised 15 (16%) 

Allergies 27 (30%) 

Smoking history 26 (29%) 

Drinking history 19 (21%) 

Table 2 

Clinical features and laboratory examination of patients with T. whipplei positive in 

lower respiratory tract specimens. 

Parameters Patients ( n = 91) 

Clinical symptoms 

Asymptomatic 20 (22%) 

Cough 55 (60%) 

Expectoration 44 (48%) 

Dypnea 38 (42%) 

Fever 27 (30%) 

Chest pain 10 (11%) 

Hemoptysis 9 (10%) 

Weight loss 5 (5%) 

Anorexia 4 (4%) 

Vomiting 3 (3%) 

Abdominal pain 2 (2%) 

Diarrhea 1 (1%) 

Arthralgia 10 (11%) 

Neurological 6 (7%) 

Laboratory test results 

White blood cell count (3.5-9.5 × 10 ̂ 9/L) 7.42 

Neutrophil count (1.8-6.3 × 10 ̂ 9/L) 5.03 

Hemoglobin (male 130-175 g/L, female 115-150 g/L) 124 

Erythrocyte mean corpuscular volume (82-100 fl) 91 

Platelet count (125-350 × 10 ̂ 12/L) 234 

Albumin (40-55 g/L, n = 88) 39 

Lactate dehydrogenase (109-245 U/L, n = 88) 204 

CRP (0-10 mg/L, n = 81) 

CRP < 0.5 27 (33%) 

0.5 ≤ CRP < 10 35 (43%) 

10 ≤ CRP < 100 15 (19%) 

CRP ≥ 100 4 (5%) 

PCT ( < 0.05 ng/mL)( n = 51) 

PCT < 0.25 47 (92%) 

0.25 ≤ PCT < 2 2 (4%) 

PCT ≥ 2 2 (4%) 
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Table 3 

Pathogen detected by mNGS. 

Pathogen Cases (%) ( n = 91) 

T. whipplei as sole agent 39 (43%) 

Klebsiella pneumoniae 7 (8%) 

Mycobacterium tuberculosis complex 5 (5%) 

Non-tuberculosis mycobacteria 5 (5%) 

Acinetobacter baumannii 4 (4%) 

Streptococcus pneumoniae 3 (3%) 

Haemophilus influenzae 3 (3%) 

Staphylococcus aureus 3 (3%) 

Stenotrophomonas maltophilia 2 (2%) 

Moraxella catarrhalis 1 (1%) 

Staphylococcus cohnii 1 (1%) 

Corynebacterium pseudodiphtheriticum 1 (1%) 

Nocardia asiaca 1 (1%) 

Mycoplasma pneumoniae 1 (1%) 

Pneumocystis jirovecii 4 (4%) 

Aspergillus fumigatus 3 (3%) 

Aspergillus flavus 1 (1%) 

Rhizomucor pusillus 1 (1%) 

Cryptococcus neoformans 1 (1%) 

Human gamma-herpes virus 4 (EBV) 8 (9%) 

Human rhinovirus 4 (4%) 

Severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) 

3 (3%) 

Human beta-herpes virus 5 (CMV) 2 (2%) 

Human herpesvirus 7 (HHV-7) 2 (2%) 

Herpes Simplex Virus Type 1 (HSV-1) 1 (1%) 

Respiratory syncytial virus (RSV) 1 (1%) 

Parainfluenza virus 1 (1%) 
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Figure 1. The T. whipplei mNGS reads of T. whipplei pneumonia and T. whipplei car- 

riers. 
Out of the 91 cases, 14 were diagnosed as pneumonia, while 

he remaining 77 cases were classified as T. whipplei colonization. 

esults of mNGS for T. whipplei -Positive samples 

The pathogen results of mNGS on samples that tested positive 

or T. whipplei are presented in Table 3 . Among the cases, 39 (43%)

dentified T. whipplei as the sole pathogen. The most frequently 

o-detected pathogens alongside T. whipplei were Human gamma- 

erpesvirus 4 (Epstein-Barr virus, EBV) (9%, n = 8) and Klebsiella 

neumoniae (8%, n = 7). In addition, the Mycobacterium tubercu- 

osis complex co-detected with T. whipplei was observed in 5 cases 

5%), and non-tuberculous mycobacteria co-detected with T. whipplei 

ere also found in 5 cases (5%). 

Notably, the number of T. whipplei mNGS reads was significantly 

igher in pneumonia cases compared to those with colonization 
3 
 P = 0.0298) ( Figure 1 ). The coverage map illustrating T. whipplei 

eads for the 14 patients diagnosed with T. whipplei pneumonia is 

isplayed in Figure S1. 

esults of T. whipplei qPCR Assays 

qPCR analysis for T. whipplei was conducted on 70 cases. 

mong these, 49 cases tested positive for T. whipplei by qPCR, 

hile 21 cases were negative. Notably, the number of T. whipplei 

NGS reads was significantly higher in samples that were qPCR- 

ositive compared to those that were qPCR-negative ( P < 0.0 0 01) 

 Figure 2 ). 

The results of mNGS and qPCR assays in patients diagnosed 

ith T. whipplei pneumonia are summarized in Table 4 . Of the 14 

atients with T. whipplei pneumonia, qPCR analysis was performed 

n samples from 11 cases. Ten of these cases tested qPCR-positive, 



L. Sun, Y. Wang, J. Fang et al. International Journal of Infectious Diseases 165 (2026) 108457 

T
a

b
le
 
4
 

T
h

e
 
re

su
lt

s 
o

f 
m

N
G

S
 
a

n
d
 
P

C
R
 
in
 
p

a
ti

e
n

ts
 
w

it
h
 
T.
 
w

h
ip

p
le

i 
p

n
e

u
m

o
n

ia
. 

C
a

se
 
N

o
 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

9
 

1
0
 

11
 

1
2
 

1
3
 

1
4
 

S
a

m
p

le
 
co

ll
e

ct
io

n
 

2
0

2
2

/4
/2
 

2
0

2
2

/6
/6
 

2
0

2
2

/7
/1
 

2
0

2
2

/7
/1

3
 

2
0

2
2

/9
/7
 

2
0

2
3

/2
/2

8
 

2
0

2
3

/7
/3

1
 

2
0

2
3

/8
/4
 

2
0

2
3

/1
0

/1
0
 

2
0

2
4

/2
/6
 

2
0

2
4

/2
/2

9
 

2
0

2
4

/2
/2

9
 

2
0

2
4

/3
/2

7
 

2
0

2
4

/6
/6
 

m
N

G
S
 
e

x
p

e
ri

m
e

n
t 

2
0

2
2

/4
/7
 

2
0

2
2

/6
/7
 

2
0

2
2

/7
/4
 

2
0

2
2

/7
/1

4
 

2
0

2
2

/9
/7
 

2
0

2
3

/3
/1
 

2
0

2
3

/7
/3

1
 

2
0

2
3

/8
/7
 

2
0

2
3

/1
0

/1
1
 

2
0

2
4

/2
/7
 

2
0

2
4

/2
/2

9
 

2
0

2
4

/2
/2

9
 

2
0

2
4

/3
/2

8
 

2
0

2
4

/6
/7
 

m
N

G
S
 
re

p
o

rt
 

2
0

2
2

/4
/8
 

2
0

2
2

/6
/8
 

2
0

2
2

/7
/5
 

2
0

2
2

/7
/1

5
 

2
0

2
2

/9
/8
 

2
0

2
3

/3
/2
 

2
0

2
3

/8
/1
 

2
0

2
3

/8
/8
 

2
0

2
3

/1
0

/1
2
 

2
0

2
4

/2
/8
 

2
0

2
4

/3
/1
 

2
0

2
4

/3
/1
 

2
0

2
4

/3
/2

9
 

2
0

2
4

/6
/1

1
 

m
N

G
S
 
(r

e
a

d
s)
 

6
3

9
 

1
4

8
 

7
5

3
8
 

1
8

9
4
 

1
1

,7
5

4
 

4
4

0
8
 

2
9
 

7
1

7
 

6
4

6
 

9
5

7
9
 

1
6

,0
4

0
 

3
9

6
7
 

7
3

7
9
 

2
3
 

C
o

v
e

ra
g

e
 
le

n
g

th
 

1
1

5
,2

8
5
 

1
0

,6
3

8
 

3
6

9
,7

6
7
 

1
2

1
,1

6
0
 

4
7

7
,7

6
5
 

2
5

2
,8

2
0
 

1
8

6
2
 

4
7

,8
7

7
 

4
1

,9
5

7
 

4
4

4
,3

4
2
 

5
8

7
,8

8
5
 

2
0

8
,7

0
6
 

3
6

9
,4

8
5
 

1
7

2
4
 

C
o

v
e

ra
g

e
 
p

e
rc

e
n

ta
g

e
 
(%

) 
1

2
.4

3
 

1
.1

5
 

3
9

.9
3
 

1
3

.0
9
 

5
1

.6
0
 

2
7

.2
6
 

0
.2

0
 

5
.1

6
 

4
.5

3
 

4
7

.9
2
 

6
3

.4
 

2
2

.5
1
 

3
9

.9
0
 

0
.1

9
 

F
ir

st
 
P

C
R
 
(C

t 
v

a
lu

e
) 

N
A
 

U
n

d
e

te
rm

in
e

d
 

3
0

.9
7
 

3
9

.3
6
 

2
9

.9
1
 

N
A
 

N
A
 

3
2

.5
1
 

3
1

.9
6
 

3
1

.9
6
 

2
9

.7
9
 

3
3

.5
7
 

3
4

.1
6
 

3
4

.7
0
 

S
e

co
n

d
 
P

C
R
 
(C

t 
v

a
lu

e
) 

N
A
 

U
n

d
e

te
rm

in
e

d
 

3
1

.2
0
 

3
9

.7
3
 

2
9

.5
8
 

N
A
 

N
A
 

3
2

.2
4
 

3
1

.8
8
 

3
2

.0
2
 

2
8

.8
9
 

3
2

.8
7
 

3
2

.9
2
 

3
4

.5
9
 

Figure 2. The T. whipplei mNGS reads according to PCR results. 

Table 5 

Radiological manifestations of patients with TW positive in in lower respiratory 

tract specimens. 

Imaging Cases (%)( n = 91) 

Nodules 49 (54%) 

Patch 47 (52%) 

Ground glass opacity 32 (35%) 

Mass 22 (24%) 

Pleural effusion 16 (18%) 

Enlargement of mediastinal lymph nodes 14 (15%) 

Cavity 5 (5%) 
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4 
hereas Case 2 tested qPCR-negative. The PCR results of T. whipplei 

arriers were listed in Table S1. 

maging characteristics of patients with T. whipplei positive in lower 

espiratory tract specimens 

We conducted a comprehensive analysis of the radiological 

anifestations observed in patients with T. whipplei -positive lower 

espiratory tract specimens ( Table 5 ). The most common imaging 

ere nodules (54%, n = 49), patch (52%, n = 47), ground glass 

pacity (35%, n = 32), and mass (24%, n = 22). The representative 

maging manifestations in patients with T. whipplei pneumonia are 

llustrated in Figure 3 . 

haracters of T. whipplei infection/colonization pathology 

There were only two lung biopsies were done in all 14 T. whip- 

lei infection specimens. The histopathological findings of the lung 

issue in Case 10 reveal epithelioid granulomatous inflammation 

ithin the bronchial mucosa. The Gomori’s methenamine silver 

GMS) stain, acid-fast stain, and periodic acid-Schiff (PAS) stain all 

ielded negative results. The pulmonary histopathological findings 

f Case 12 are as follows: There is centrilobular deposition of car- 

on particles within the small airways, accompanied by a minor 

nfiltration of lymphocytes. Sparse and scattered lymphocyte infil- 

rations are evident within the interstitial tissue, with focal areas 

f lymphocyte aggregation. Additionally, a small number of lym- 

hocytes are aggregated within the alveolar lumens. Notably, the 

lveolar septa exhibit no signs of thickening. No malignant tu- 

ors or epithelioid granulomas are present in the examined tis- 

ue. Furthermore, PAS stain yields negative results. A total of 36 

ung biopsies were performed on specimens colonized by T. whip- 

lei . PAS staining was performed on seven of these specimens, and 

ll exhibited negative results. Furthermore, among the remaining 
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Figure 3. Imaging manifestations in T. whipplei pneumonia, including the mass (A), patchy (B), ground glass opacity (C), nodules (D) and enlargement of mediastinal lymph 

nodes (E). 

2

e

T

a

w

c

t

w

c

d

D

a

i

[

r

t

w

s

t

m

t

s

m

s

w

u

s

[

o

o

[

p

p

a

s

1

h

P

m

h

o

s

d

b

o

w

a

w

T

c

t

t

t

t

l

c

a

C

n

m

t

9 specimens that were not subjected to PAS staining, pathological 

xamination confirmed the presence of cancer in nine cases. 

reatment and prognosis 

All 14 patients diagnosed with T. whipplei pneumonia received 

ntibiotic therapy tailored to their condition. Specifically, Case 3 

as treated with minocycline and hydroxychloroquine, Case 10 re- 

eived amoxicillin and sulfamethoxazole, and Case 4 was adminis- 

ered piperacillin-tazobactam. The remaining patients were treated 

ith cephalosporin-related antibiotics. Unfortunately, Case 5 suc- 

umbed to respiratory failure, while the other 13 patients were 

ischarged in improved health. 

iscussion 

Pneumonia, as a common clinical condition, poses consider- 

ble difficulties in both diagnosis and treatment, especially when 

t arises from infections caused by rare or lesser-known pathogens 

 7 ]. After being infected with T. whipplei , most individuals either 

emain asymptomatic or experience a self-limiting infection due 

o the development of protective humoral and cellular immunity, 

hereas only a minority of cases progress to WD [ 13 ]. Common 

ymptoms of WD encompass joint disorders or arthritis, unin- 

ended weight loss, abdominal discomfort, and diarrhea [ 14 ]. Pul- 

onary involvement represents a rare yet characteristic presenta- 

ion of WD, with T. whipplei infection being identifiable in patients 

uffering from aspiration pneumonia, ventilator-associated pneu- 

onia, as well as community-acquired pneumonia [ 15 ]. In our re- 

earch, we documented a cumulative total of 91 cases where T. 

hipplei was positively identified in BALF specimens through the 

se of mNGS. To our knowledge, this study represents the largest 

eries to date of T. whipplei detection in BALF specimens. 

T. whipplei can exist in the saliva of asymptomatic carriers 

 16 , 17 ], and T. whipplei may co-cause aspiration pneumonia with 
5 
ther oral flora [ 15 ]. Furthermore, the prevalence of T. whipplei col- 

nization in the lungs of healthy individuals can reach up to 26% 

 18 ]. Concurrently, it has been observed that the rate of T. whip- 

lei lung colonization is notably higher among asymptomatic HIV- 

ositive patients when compared to a control cohort [ 19 ].Although 

 large-scale study found no association between patients’ immune 

tatus and the incidence of T. whipplei infection [ 20 ]. In our study, 

5(16%) patients were immunocompromised, and 27 patients (30%) 

ad a history of allergies to drugs, pollen, or food. 

As documented in prior cases, T. whipplei can co-infect with 

neumocystis jirovecii [ 21 ]. Alternatively, it may solely induce pul- 

onary infection [ 22 ]. In other research studies, occasional reports 

ave emerged regarding the co-infection or concurrent detection 

f Mycobacterium tuberculosis complex and T. whipplei [ 23 ]. In our 

tudy, we found that the Mycobacterium tuberculosis complex was 

etected together with T. whipplei in 5 (5%) cases. The reason may 

e that the incidence of tuberculosis in China is still high. In an- 

ther study, Lin et al. [ 24 ] reported that their medical institution 

as designated for tuberculosis treatment, which contributed to 

 notably high co-detection rate of 14.3% for tuberculosis and T. 

hipplei . Besides, both the Mycobacterium tuberculosis complex and 

. whipplei are classified under the phylum Actinobacteria. The My- 

obacterium tuberculosis complex is a facultative intracellular bac- 

erium, whereas T. whipplei is an obligate intracellular one. Infec- 

ions caused by both of these bacteria have been closely linked 

o macrophages. In the context of classic WD pathogenesis, bac- 

eria can induce macrophages within the duodenal mucosa to po- 

arize into M2, or alternatively activated macrophages [ 25 ]. The 

ompromised antigen-presenting capacity of both macrophages 

nd dendritic cells further attenuates T-cell responsiveness [ 26 ]. 

oncurrently, elevated regulatory T-cell activity in both intesti- 

al and systemic circulation exacerbates the immunosuppressive 

ilieu [ 27 ]. 

In our study, a total of 39 patients (43%) were confirmed 

o have T. whipplei as the sole causative pathogen, whereas 
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he remaining 57% of specimens harbored other microorganisms. 

mong the 14 patients diagnosed with T. whipplei pneumonia, co- 

nfections with additional pathogens were identified in merely 5 

ases. Case 5 pertained to a 51-year-old male patient who pre- 

ented with a history of cough and dyspnea and had been diag- 

osed with interstitial lung disease 3 years previously. He had un- 

ergone a one-year course of glucocorticoid therapy, which led to 

n alleviation of his symptoms. However, he experienced a relapse 

f cough and dyspnea 2 weeks prior to his current hospital admis- 

ion. mNGS detected the presence of both T. whipplei and Pneumo- 

ystis jirovecii . The patient was subsequently treated with antibi- 

tics, including moxifloxacin, ceftazidime, and sulfamethoxazole- 

rimethoprim (SMZ-TMP). Despite this therapeutic intervention, 

here was no improvement in the patient’s dyspnea, and he ul- 

imately succumbed to respiratory failure 1 month after hospi- 

alization. Case 11 involved a 75-year-old male patient who pre- 

ented with a two-week history of cough, expectoration, and fever 

with a peak temperature of 39 °C). He tested positive for the SARS- 

oV-2 antigen, and was subsequently administered oral nirma- 

relvir/ritonavir. The result of mNGS revealed the presence of both 

. whipplei and SARS-CoV-2. Following treatment with compound 

MZ-TMP combined with ceftriaxone, the patient showed clinical 

mprovement and was discharged from the hospital. Excluding the 

wo patients described in Case 5 and Case 11, the other three spec- 

mens demonstrated isolated T. whipplei infection, coexisting with 

he carriage of commensal normal flora. 

We have analyzed the radiological manifestations of patients 

ith T. whipplei positive in lower respiratory tract specimens. The 

maging findings exhibited a wide range of manifestations, with 

ulmonary nodules being the predominant feature. This particu- 

ar finding has also been documented in multiple prior case re- 

orts [ 24 , 28 ]. It is of paramount importance to emphasize that

neumonia resulting from T. whipplei infection represents an ex- 

eptionally elusive clinical entity, frequently subject to misdiagno- 

is or, in some instances, complete oversight. The definitive diag- 

osis of WD predominantly hinges on several diagnostic modali- 

ies, including PAS staining of duodenal/jejunal biopsy specimens, 

olymerase chain reaction (PCR) testing for T. whipplei , and im- 

unohistochemical analysis of affected organs [ 29 ]. Nevertheless, 

btaining duodenal or jejunal biopsy specimens or performing T. 

hipplei culture poses significant challenges in patients who do 

ot exhibit gastrointestinal symptoms. In all T. whipplei pneumo- 

ia patients, duodenal biopsies were performed in three patients 

Case 6, Case 9, Case 14). PAS staining of duodenal biopsy sam- 

les was performed in these three patients, and PAS staining was 

etected positive in Case 6 and Case 14. While the PCR of these 

wo duodenal biopsy samples was negative. The diagnostic discor- 

ance between PAS staining and PCR analysis of duodenal biopsy 

pecimens warrants further investigation. Of the 14 patients with 

. whipplei pneumonia, qPCR analysis was performed on samples 

rom 11 cases. Ten of these cases tested qPCR-positive, whereas 

ase 2 tested qPCR-negative. The reason may be that the sample 

f Case 2 was stored for a long time, and the DNA of T. whipplei

as degraded. 

T. whipplei , has proved particularly recalcitrant to cultivation. 

ver the course of numerous experimental attempts, a protracted 

eriod of nearly one century elapsed between the initial clinical 

escription of the associated disease in 1907 and the landmark 

chievement in 20 0 0, when this elusive microorganism was ulti- 

ately successfully and reproducibly cultured within the fibroblast 

ell line (HEL) [ 30 ]. In 2003, a synthetic medium (a specifically for-

ulated axenic medium) enriched with amino acids and other es- 

ential nutrients that T. whipplei cannot synthesize on its own was, 

or the first time, successfully employed to culture T. whipplei with- 

ut the need for host cells [ 31 ]. The cultivation of T. whipplei is sig-

ificantly hindered by the substantial presence of commensal bac- 
6 
eria in saliva and stool specimens. These commensal bacteria tend 

o contaminate and overrun the bacterial cultures, thereby making 

t nearly unfeasible to reliably ascertain the presence of T. whipplei 

hrough the cultivation of patient samples [ 32 ].This study repre- 

ents a retrospective investigation, and owing to the unavailability 

f specialized reagents essential for the cultivation of T. whipplei , 

e were unable to undertake T. whipplei culture. Instead, we ex- 

lusively employed PCR methodology to validate the presence of T. 

hipplei detected in mNGS results. 

The pathological hallmarks of pneumonia caused by T. whip- 

lei primarily manifest as alveolar and interstitial inflammation, 

ccompanied by the distinctive presence of PAS-positive bacilli 

ithin macrophages. However, variations exist in the detailed de- 

criptions of these pathological features across different studies. 

hen et al. [ 33 ] have documented a case of acute pneumonia 

ttributable to T. whipplei infection, in which the diagnosis of 

. whipplei infection was facilitated by the integration of mNGS 

f alveolar lavage fluid with PAS staining of pathological speci- 

ens obtained from lung puncture biopsy. Chen et al. [ 34 ] doc- 

mented a case involving an asymptomatic patient who was ad- 

itted to the hospital after a shadow was detected on his chest 

igh-resolution computed tomography (HRCT) scan during a rou- 

ine health checkup. The patient was subsequently treated with 

evofloxacin as an anti-infective agent. A transbronchial lung biopsy 

TBLB) was performed, revealing disrupted alveolar septa, atro- 

hied alveoli, scattered interstitial lymphocytes, and a small num- 

er of PAS-positive bacilli. mNGS of BALF identified T. whipplei as 

he sole causative pathogen. Despite these findings, the patient de- 

lined further treatment and was discharged. Upon follow-up 2 

ears later, the patient reported no respiratory symptoms. In an- 

ther study centered on the detection of T. whipplei through mNGS 

n BALF, histopathological data of the lungs were accessible for 27 

atients. Notably, the histopathological examination of one patient 

howed positive staining for both PAS and silver hexamine, which 

esulted in an initial diagnosis of cryptococcal infection. However, 

here was no description of PAS staining results related to T. whip- 

lei [ 24 ]. Neither in cases of T. whipplei infection nor in those of

. whipplei colonization did our study identify any specimens with 

ositive PAS staining. Antibiotic use, low bacterial load, or limited 

ampling sites may contribute to negative PAS staining results. In 

he future, more research and analysis are warranted to further 

lucidate the pathological characteristics of T. whipplei pneumonia. 

A multitude of pharmaceutical remedies are readily available to 

reat T. whipplei infection. These pharmacological agents include, 

ut are not limited to, penicillin, streptomycin, tetracycline, ceftri- 

xone, meropenem, trimethoprim, doxycycline, and hydroxychloro- 

uine [ 35 ]. Current consensus recommends an initial 14-day course 

f parenteral antimicrobial therapy for WD, utilizing either cef- 

riaxone (2 g daily via intravenous infusion) or meropenem (1 g 

very 8 hours), followed by a prolonged 12-month oral regimen 

f sulfamethoxazole-trimethoprim to prevent relapse [ 32 ]. In vitro 

usceptibility testing indicates potential trimethoprim resistance in 

. whipplei [ 13 ]. In such cases, SMZ-TMP may be substituted with 

oxycycline (100 mg twice daily) for the maintenance phase of WD 

herapy [ 36 ]. 

One notable limitation of this study lies in its relatively small 

atient cohort. Specifically, a mere 14 patients were diagnosed 

ith T. whipplei pneumonia and subsequently treated with relevant 

ntibiotics. Moreover, we encountered challenges in following up 

ith patients who completed the full course of standardized treat- 

ent protocols, which hindered our ability to ascertain the most 

ppropriate treatment regimen. Additionally, considering that this 

tudy adopts a retrospective design, there is an urgent necessity 

o initiate prospective cohort studies in the future. Such studies 

ill empower us to meticulously monitor the treatment regimens 

mployed for patients with T. whipplei pneumonia, precisely assess 
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heir therapeutic outcomes, and comprehensively investigate their 

ong-term survival prospects. 

onclusion 

In conclusion, clinicians should approach cases of pneumo- 

ia with an unknown cause with great caution. The utilization 

f mNGS sequencing on respiratory specimens represents an out- 

tanding diagnostic approach, capable of detecting rare microbial 

nfections, such as those caused by T. whipplei . Implementing early 

NGS sequencing of lower respiratory tract specimens can sub- 

tantially aid patients suffering from pneumonia of unknown eti- 

logy by enabling prompt patient management and facilitating 

imely adjustments to their treatment plans. 
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