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Whipple pneumonia is a rare, chronic, multi-
organ disease, with symptoms including ar-

thritis, diarrhea, and weight loss. Diagnosis is tra-
ditionally confirmed by a histologic examination of 
a small bowel biopsy (1). The causative pathogen 
is Tropheryma whipplei bacteria, initially identified 
from the aortic valve of an endocarditis patient in 
2000 (2). The bacterium was successfully cultured 
again in 2012 by using a sample of bronchoalveo-
lar lavage fluid (BALF) from a pneumonia patient 
with an acute pulmonary infection (2). By using spe-
cial culture systems, laboratories can grow positive 
staining or immunofluorescence detectable bacteria 
within a macrophage or fibroblast cell in 40–60 days. 
Metagenomic next-generation sequencing (mNGS) 
is a useful tool for diagnosis. 

We report 3 patients in China diagnosed with T. 
whipplei pneumonia by using BALF mNGS (Vision 
Medicals Company, http://www.visionmedicals.
com) screening during July 2021–December 2022. The 
patients had unique radiologic patterns, including 
upper lung gathering of micronodules forming a gal-
axy sign, and slightly movable infiltrates before, dur-
ing, and after treatment.

Patient 1 was a 46-year-old man with a produc-
tive cough and a 5-year history of lung abnormality. 
His lung lesions gradually increased over time, and 
we found gathering micronodules forming a galaxy 
sign on the right upper lung (Appendix Figure 1, 
https://wwwnc.cdc.gov/EID/article/30/5/23-
1130-App.pdf). T. whipplei bacteria was the only 
pathogen we recovered from BALF screened by us-
ing mNGS. 

Patient 2 was a 67-year-old man with progres-
sive dyspnea, productive cough, poor appetite, and 
weight loss. Repeated high-resolution computed 
tomography (CT) showed gradual increase of dif-
fused micronodules gathering on the upper right 
lung for 6 months before diagnosis (Figure, panel 
A). Lesions in the upper right lung also showed 
movement. After bronchoscopic examination, T. 
whipplei bacteria was the only pathogen we recov-
ered from BALF. Our histologic examination of the 
lung biopsy showed increased foamy macrophages 
within the alveolar space and thickened alveolar 
septal (Figure, panel B); neutrophils were the pre-
dominant cell type seen. 

Patient 3 was a 57-year-old man with complaints of 
cough and chest tightness. We found diffuse ground-
glass micronodules in the left upper lung (Appendix 
Figure 2). We performed mNGS of BALF and found 
Cryptococcus spp. yeast and T. whipplei bacteria. We 
treated the patient with fluconazole. Six months later, 

With the use of metagenomic next-generation se-
quencing, patients diagnosed with Whipple pneumonia 
are being increasingly correctly diagnosed. We report a 
series of 3 cases in China that showed a novel pattern 
of movable infiltrates and upper lung micronodules.  
After treatment, the 3 patients recovered, and lung  
infiltrates resolved.
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the patient was readmitted to our hospital because of 
chest tightness and dry cough. We repeated mNGS, and 
T. whipplei bacteria was the only pathogen identified.

The lung tissue from all 3 patients was negative 
for periodic acid-Schiff and anti-acid staining. We per-
formed an enteroscopic examination on the patients 2 
and 3; both were negative. We treated the 3 patients 
with intravenous ceftriaxone (2 g/d) for 2 weeks, 
then we began combination therapy of minocycline 
and hydroxychloroquine for an extended period. All 
3 patients responded well to treatment, and chest CT 
showed improvement of lung lesions.

We conducted a literature review for similar 
cases. We systematically reviewed PubMed for “T. 
whipplei” or “Whipple’s disease” and “pneumo-
nia” for the period July 2021–December 2022. We 
included literature for analysis if they provided in-
dividual patient and imaging data. We defined acute 
pulmonary infection by classic clinical manifestation 
and opacity on a chest radiograph or a CT scan. A 
total of 97 patients with Whipple pneumonia were 
mentioned. CT findings were available for 14 pa-
tients from 7 studies (2–8). The CT findings included 
bilateral alveolar consolidation, mass, nodule with  

Figure. High-resolution computed 
tomography imaging and histology 
findings of the lung biopsy from 
a 67-year-old patient in China 
who had Tropheryma whipplei 
pneumonia. A) High-resolution 
computed tomography imaging 
showing gradual increase of 
diffused micronodules gathering 
in the upper right lung 6 months 
before diagnosis. In October 
2021, micronodular and cord-like 
consolidation were seen on the 
upper right lung. In April 2022, 
the lesions were seen changing 
on both range and pattern and 
forming movable properties. In 
June 2022, the lesions were 
changed and scattered compared 
with lesions observed in April 
2022. In September 2022, 
lesions were absorbed after 3 
months of combined therapy 
consisting of minocycline and 
hydroxychloroquine. B) Magnified 
portion of slide showing histologic 
findings from the lung biopsy of 
the patient. The top image shows 
increased foamy macrophages 
within alveolar space, thickened 
alveolar septal and collagen 
deposition. The top image 
stain is hematoxylin and eosin 
staining, with arrows indicating 
foamy macrophages that have 
phagocytosed carbon pigment; 
the bottom image is periodic acid-
Schiff staining and is negative for 
foamy macrophages. Insets show 
the entire histology slide.
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cavitation, ground-glass opacity, and diffuse mi-
cronodules (Table). Mediastinal lymphadenopathy 
was described in 1 patient. Therapeutic outcomes 
were described in 5 patients, and no patients died 
from pneumonia. Only 1 patient had a comparative 
chest CT before and after treatment. No patients 
demonstrated movable lung infiltrates.

A 17-year-long retrospective study identified 
36 patients with positive PCR results of T. whipplei 
bacteria; of those, 8 patients had pulmonary in-
volvement, and only 3 patients had abnormalities in 
chest imaging (9). Another study showed that 6.1% 
(88/1,430 samples) of BALF samples were positive 
for T. whipplei bacteria; 58 patients had pneumonia, 
and T. whipplei bacteria was identified as the caus-
ative pathogen for 9 patients (10). One study ana-
lyzed the characteristics of 70 patients positive for 
T. whipplei bacteria in BALF detected by mNGS in 
which T. whipplei was the only pathogen recovered 
for 20 patients (8); in that study, 15 patients received 
therapy, and 6 patients improved after treatment (8). 
In our study, T. whipplei bacteria was the only patho-
gen in 2 patients and was repeatedly detected in the 
third patient. In our patients, the infiltrates exhibited 
movable changes over time before, during, and after 
treatments. Histologic examination of case 2 showed 
a collagen and carbon deposition within lung tis-
sue without any history of coal mine exposure,  

suggesting that T. whipplei bacterial infection can 
cause chronic infection and scar formation, eventu-
ally leading to granulomatous-like changes within 
lung tissue. All 3 patients symptoms improved after 
receiving the first-line treatment recommendation of 
minocycline and hydroxychloroquine (1).

In conclusion, Whipple pneumonia is increas-
ingly recognized when mNGS is used. We report a 
relatively unique feature of CT findings in patients 
with Whipple pneumonia and provide support for 
choosing combination treatment using minocycline 
and hydroxychloroquine.
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Table. Categorized data from previously published studies on high-resolution CT findings, symptoms, inflammatory indicators, and 
immune status in patients with Tropheryma whipplei infection* 

Study (reference) 
Patient 

age, y/sex CT findings Symptoms 
Inflammatory 

indicators 
Patient immune 

status 
Fenollar et al. (2) 70/F Diffuse bilateral 

micronodular involvement, 
mediastinal 

lymphadenopathy 

Nocturnal sweats, fever, 
dyspnea, myalgia, 
arthralgia, diarrhea 

Unremarkable 
leukocyte and CRP 

levels 

Immunocompetent  

Stein et al. (3) 24/M Right upper lobe 
pneumonia and bilateral 
alveolar condensation 

Dyspnea, productive 
cough, high-grade fever 

Elevated leukocyte 
and CRP levels 

HIV 

Zhang and Xu (4) 26/M A thick-walled cavity in 
the left upper lung 

Breathing-related chest 
pain 

 

Unremarkable 
leukocyte and CRP 

levels 

Immunocompetent  

Kelly et al. (5) 31/M Several discrete nodules Dry cough with 
progressive weight loss, 
malaise, poor appetite 

Elevated ESR Immunocompetent  

Li et al. (6) 39/F Diffuse bilateral ground 
glass opacity and 

consolidation 

Coughing, dyspnea, low-
grade fever 

Elevated neutrophil 
and CRP levels 

Immunocompetent  

Canessa et al. (7) 60/F Alveolar consolidation in 
the left lower lobe,  

pleural effusion 

Diarrhea, progressive 
dyspnea, dry cough, 

weight loss 

Unknown Unknown 

Lin et al. (8) Mixed Nodular type: ground 
glass nodules or solid 

nodules; pneumonia type: 
focal or patchy mixed 
density shadow; other 
manifestations: cavity, 

cystic, or pleural effusion. 

Respiratory symptoms, 
weight loss, fever, rare 

gastrointestinal 
symptoms  

Unremarkable 
leukocyte and CRP 

levels 

Unknown 

*CRP, C-reactive protein; CT, computed tomography; ESR, erythrocyte sedimentation rate. 

 



 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 30, No. 5, May 2024 1045

RESEARCH LETTERS

  3. Stein A, Doutchi M, Fenollar F, Raoult D. Tropheryma whipplei 
pneumonia in a patient with HIV-2 infection. Am J Respir 
Crit Care Med. 2013;188:1036–7. https://doi.org/10.1164/
rccm.201304-0692LE

  4. Zhang WM, Xu L. Pulmonary parenchymal involvement  
caused by Tropheryma whipplei. Open Med (Wars). 
2021;16:843–6. https://doi.org/10.1515/med-2021-0297

  5. Kelly CA, Egan M, Rawlinson J. Whipple’s disease  
presenting with lung involvement. Thorax. 1996;51:343–4.  
https://doi.org/10.1136/thx.51.3.343

  6. Li W, Zhang Q, Xu Y, Zhang X, Huang Q, Su Z. Severe  
pneumonia in adults caused by Tropheryma whipplei and 
Candida sp. infection: a 2019 case series. BMC Pulm Med. 
2021;21:29. https://doi.org/10.1186/s12890-020-01384-4

  7. Canessa PA, Pratticò L, Sivori M, Magistrelli P, Fedeli F, 
Cavazza A, et al. Acute fibrinous and organising pneumonia 
in Whipple’s disease. Monaldi Arch Chest Dis. 2008;69:186–8. 

  8. Lin M, Wang K, Qiu L, Liang Y, Tu C, Chen M, et al.  
Tropheryma whipplei detection by metagenomic next- 
generation sequencing in bronchoalveolar lavage fluid: 
a cross-sectional study. Front Cell Infect Microbiol. 
2022;12:961297. https://doi.org/10.3389/fcimb.2022.961297

  9. Duss FR, Jaton K, Vollenweider P, Troillet N, Greub G. 
Whipple disease: a 15-year retrospective study on 36  
patients with positive polymerase chain reaction for  
Tropheryma whipplei. Clin Microbiol Infect. 2021;27:910.e9–13. 
https://doi.org/10.1016/j.cmi.2020.08.036

10. Lagier JC, Papazian L, Fenollar F, Edouard S, Melenotte C, 
Laroumagne S, et al. Tropheryma whipplei DNA in  
bronchoalveolar lavage samples: a case control study. Clin 
Microbiol Infect. 2016;22:875–9. https://doi.org/10.1016/ 
j.cmi.2016.07.010

Address for correspondence: Hui Li, the Seventh Affiliated 
Hospital, Sun Yatsen University, 628 Zhenyuan Rd., Shenzhen, 
China; email: huil36@163.com; Canmao Xie, the Seventh Affiliated 
Hospital, Sun Yatsen University, 628 Zhenyuan Rd., Shenzhen, 
China; email: xiecanmao@163.com

Detection of Influenza D  
Antibodies in Dogs, Apulia 
Region, Italy, 2016 and 2023

Claudia Maria Trombetta, Serena Marchi,  
Maria Giovanna Marotta, Ana Moreno,  
Chiara Chiapponi, Emanuele Montomoli,  
Gianvito Lanave, Michele Camero, Vito Martella 

Authors affiliations: University of Siena, Siena, Italy  
(C.M. Trombetta, S. Marchi, M.G. Marotta, E. Montomoli); 
VisMederi Research srl, Siena (C.M. Trombetta,  
E. Montomoli); Istituto Zooprofilattico Sperimentale  
della Lombardia e dell’Emilia-Romagna, Brescia, Italy  
(A. Moreno, C. Chiapponi); VisMederi srl, Siena  
(E. Montomoli); University of Bari, Valenzano, Italy  
(G. Lanave, M. Camero, V. Martella)

DOI: https://doi.org/10.3201/eid3005.231401

Influenza D virus (IDV) was first identified from 
swine exhibiting influenza-like symptoms in 

2011 in the United States (1). IDV RNA or antibod-
ies have been detected worldwide in several animal 
hosts, including cattle, swine, small ruminants, ca-
melids, and wild ungulates, although cattle are the 
main reservoir (2). 

Because of social interactions, dogs are known 
to occasionally transmit pathogens to humans. In 
addition to being susceptible to canine influenza A 
viruses, dogs seem susceptible to common human 
influenza viruses and to avian viruses. Antibodies to 
influenza C virus (ICV) have been reported, suggest-
ing that dogs may be naturally infected by ICV (3). 
However, information on the susceptibility of dogs to 
IDV is lacking.

We estimated the seroprevalence of IDV in 
household adult dogs on a total of 426 serum samples 
collected in 2016 (n = 169) and in 2023 (n = 257) in the 
Apulia region, Italy. The samples were collected by 
veterinary offices either for presurgical evaluation (n 
= 361) or for routine analysis (n = 65). We tested the 
samples in duplicate by using a hemagglutination in-
hibition (HI) assay against 2 IDV strains, D/bovine/

Dogs are known to be susceptible to influenza A viruses, 
although information on influenza D virus (IDV) is limited. 
We investigated the seroprevalence of IDV in 426 dogs 
in the Apulia region of Italy during 2016 and 2023. A total 
of 14 samples were positive for IDV antibodies, suggest-
ing exposure to IDV in dogs.
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Pneumonia 
Appendix 

Materials and Methods 

DNA extraction and mNGS sequencing 

BALF was taken from the patient through broncoscopy. Simply, 1.5mL microcentrifuge 

tube with 0.6mL sample and 250mL 0.5mm glass bead were attached to a horizontal platform on 

a vortex mixer and agitated vigorously at 2800–3200 rpm for 30 min. Then 7.2mL lysozyme was 

added for wall-breaking reaction. 0.3mL sample was separated into a new 1.5mL 

microcentrifuge tube and DNA was extracted using the TIANamp Micro DNA Kit (DP316, 

TIANGEN BIOTECH) according to the manufacturer’s recommendation. DNA libraries were 

constructed through DNA-fragmentation, end-repair, adaptor-ligation and PCR amplification. 

Agilent 2100 was used for quality control of the DNA libraries. Quality qualified libraries were 

pooled, DNA Nanoball (DNB) was made and sequenced by MGISEQ-2000 platform. 

Appendix Table. Metagenomic next-generation sequencing results of 3 patients diagnosed with Whipple's disease between July 
2021 to December 2022. 
Patients Age (yrs) Gender mNGS copies 
case 1 46 male T.whipplei 557 copies; 
case 2 67 male T.whipplei 58839 copies 
case 3–1 57 male Crytococcus Neofonmans 1101 copies; T. whipplei 87 copies 
case 3–2 57 male T.whipplei 2796 copies; 
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Appendix Figure 1. Case 1, 46 years old patient with lung abnormalities. The 1st row, December-2021, 

micro-nodular and cord-like consolidation on the upper right lung; the 2nd row, January-2022, the lesions 

were changed both on range and pattern, and partly assimilated; the 3rd row, September-2022, lesions 

were changed and partly scattered and partly assimilated, when compared with January-2022. After 

diagnosis, at the beginning, the patient received anti-whipplei therapy. 
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Appendix Figure 2. Case 3, 57 years old male with lung abnormalities. The 1st row, December-2021, 

micro-nodular scattered predominantly on the upper left lung; the 2nd row, June-2022, the lesions were 

getting worse on the range and pattern without anti-whipplei’s therapy; the 3rd row, December-2022, 

lesions were partly assimilated and changed after 6 months combined therapy of minocycline and 
hydroxychloroquine. 


