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Background: Coronavirus disease 2019 (COVID-19) and tuberculosis (TB) co-infection (COVID-19-TB) has the 

potential to exacerbate lung damage; however, information about the clinical features of COVID-19-TB is limited. 

This study aims to clarify the clinical characteristics and outcomes of patients with COVID-19-TB. 

Methods: In this single-center retrospective study, the clinical features and outcomes of patients with COVID-19 

with active TB who were admitted to Beijing Chest Hospital, Beijing, China, from 1 December 2022 to 18 January 

2023 were collected. The severity of COVID-19 and TB was graded according to guidelines from the World Health 

Organization. The relationships of demographic and clinical variables with intensive care unit (ICU) admission 

were evaluated using univariable and multivariable logistic regression models. 

Results: Overall, 102 patients with COVID-19-TB were enrolled. The mean age was 54.5 years (range 36.5–

70 years). The most common clinical manifestations were cough (68.63%), sputum production (53.92%), fever 

(51.96%), and ground-glass opacities (35.29%). Complications included acute respiratory distress syndrome 

(11.76%), sepsis (9.8%), and respiratory failure (7.84%). Patients with COVID-19-TB had high concentrations of 

various proinflammatory cytokines, including interferon- 𝛾, interleukin-1 𝛽, interferon- 𝛾-inducible protein 10 kD, 

and monocyte chemoattractant protein-1. Sixteen of the 102 patients with COVID-19-TB (15.69%) were admit- 

ted to the ICU, and 10 (9.80%) died during hospitalization. The significant risk factors for ICU admission were 

respiratory failure, pulmonary fungal infection, and ventilation and oxygen therapy. 

Conclusions: The mortality rate of COVID-19-TB was 9.80%. Several demographic and clinical characteristics 

were associated with adverse outcomes, indicating the importance of early recognition and treatment. 
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. Introduction 

The coronavirus disease 2019 (COVID-19) pandemic,

aused by severe acute respiratory syndrome coronavirus

 (SARS-CoV-2), has been ongoing for more than three

ears, and its high incidence and mortality rates pose

 serious challenge to public health worldwide. 1 As of

1 February 2023, there had been 757 264 511 con-

rmed cases of COVID-19 globally, and 6 850 594 deaths

ad been reported to the World Health Organization. Re-

ent studies have shown that the Omicron variant is less

irulent and more contagious than the other variants. 2 

rom 30 November 2022 to 10 December 2022, the daily

umber of confirmed COVID-19 cases doubled in Beijing,

hina. 3 Advanced age, comorbidities, male sex, and bac-

erial co-infection have been identified as risk factors for

OVID-19 severity and mortality. 4 , 5 

Tuberculosis (TB), caused by Mycobacterium tuberculo-

is (M . tuberculosis ), remains a major global public health

hreat. TB causes 1.4 million deaths annually, and it cur-

ently ranks as the second leading cause of death after

OVID-19. The rapid spread of SARS-CoV-2 throughout

he population resulted in a high likelihood of COVID

o-infection in patients with TB, further exacerbating the

hallenges to public health and healthcare systems. Im-

ortantly, around one quarter of the world’s population

arbors latent TB, and suppression of cell-mediated im-

unity caused by COVID-19 can induce the activation of

atent TB. 6 The primary target of both M . tuberculosis and

ARS-CoV-2 is the lungs. As a result, the lung damage and

unctional impairment caused by active TB may be further

xacerbated by SARS-CoV-2 infection. Thus, COVID-19-

B co-infection can be potentially devastating, with se-

ere public health consequences. Given that an estimated

5.0 million people are infected with TB annually and

ore than 2 billion people have latent TB worldwide, it

s of vital importance to identify the relationship between

OVID-19 and TB to prevent the development of serious

isease. 

Few studies have reported cases of COVID-19-TB, and

ase reports of active TB and COVID-19 co-infection are

imited, 7 , 8 with most case reports describing only a small

umber of cases. This limited information precludes sys-

ematic summaries of the clinical features of COVID-19-

B. 9-13 Additionally, it remains unclear whether patients

ith COVID-19-TB have a worse prognosis or are more

ikely to progress to severe disease, thus necessitating fur-

her studies. Considering the large population and un-

ven distribution of health services in China, accurately

redicting the future incidence and severity of COVID-

9-TB poses a significant challenge. From the perspec-

ives of public health and clinical care, the burden im-

osed by a single COVID-19 outbreak has already placed

ubstantial strain on healthcare systems; therefore, the

urden of overlapping epidemics is likely to be huge.
2

herefore, a greater understanding and effective manage-

ent of COVID-19-TB co-infection are of paramount im-

ortance and would help to control this complex public

ealth challenge. 

Here, we aim to describe the clinical, laboratory, and

adiological features, as well as the outcomes, of patients

onfirmed to have COVID-19 and TB co-infection. We also

im to highlight the clinical characteristics of both inten-

ive care unit (ICU) and non-ICU patients. The findings of

his study may assist in the development of public health

uidelines for the treatment and prevention of COVID-19-

B. 

. Materials and methods 

.1. Ethical approval 

This study was approved by the ethics committee of

eijing Chest Hospital (ethics approval No. BJXK-KY-

023-01). The requirement for written informed consent

as waived due to the retrospective nature of the study. 

.2. Study design 

Beijing, the capital of China, is located in northern

hina. If a patient is diagnosed with TB in Beijing, they

re transferred to Beijing Chest Hospital, which is a TB-

esignated hospital. This retrospective study was con-

ucted at Beijing Chest Hospital (Beijing, China). All pa-

ients with COVID-19 between 1 December, 2022 and 18

anuary, 2023 were screened. Patients diagnosed with ac-

ive TB were identified, regardless of the location of the

isease (pulmonary or extra-pulmonary). For healthy con-

rols, the inclusion criteria were a negative result for the

nterferon- 𝛾 release assay and normal X-ray findings. 

.3. Data collection 

Patients’ information was collected by two well-trained

edical practitioners using a data collection table in-

luding the following items: (1) demographic data, (2)

nderlying conditions, (3) complications, (4) signs and

ymptoms, (5) vital signs (blood pressure, oxygen sat-

ration), (6) laboratory investigations (white blood cell

ount, hemoglobin, platelet count, lymphocyte count, al-

umin, lactate dehydrogenase, procalcitonin, C ‐reactive

rotein, creatinine, and D ‐dimer), (7) chest radiological

ndings, and (8) in-hospital outcomes. 

.4. Participants and definitions 

All patients were screened for COVID-19 before ad-

ission to the TB treatment unit at Beijing Chest Hos-
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a  
ital during the SARS-CoV-2 Omicron subvariant surge

November 2022 to January 2023). COVID-19 was di-

gnosed by nasopharyngeal or throat swab using re-

erse transcription polymerase chain reaction for SARS-

oV-2. The severity of COVID-19 was graded accord-

ng to the guideline from the World Health Organiza-

ion. 14 Critical COVID-19 was defined according to the

riteria for acute respiratory distress syndrome (ARDS),

epsis, septic shock, or other conditions that would nor-

ally require the provision of life-sustaining therapies,

uch as mechanical ventilation (invasive or non-invasive)

r vasopressor therapy. Severe COVID-19 was defined

y any of (1) oxygen saturation < 90% on room air;

2) in adults, signs of severe respiratory distress (acces-

ory muscle use, inability to complete full sentences, res-

iratory rate > 30 breaths per minute); or (3) in chil-

ren, very severe chest wall indrawing, grunting, cen-

ral cyanosis, or presence of any other general danger

igns (inability to breastfeed or drink, lethargy or re-

uced level of consciousness, convulsions) in addition to

he signs of pneumonia. Non-severe COVID-19 was de-

ned as the absence of the criteria for severe or critical

OVID-19. 

TB was diagnosed based on clinical symptoms, radio-

ogical findings, bacteriological evidence, or histopatho-

ogical examination results. The diagnosis of TB was then

onfirmed using acid fast bacilli smear microscopy, My-

obacterium culture, or Xpert MTB/RIF or MeltPro TB as-

ays of respiratory specimens. Drug susceptibility test-

ng was performed using phenotypic and/or genotypic

ethods. 15 

New cases were defined as patients with TB who had

ever been treated with anti-TB drugs or those who had

eceived anti-TB treatment for < 1 month. Previously

reated cases were defined as patients who had been

reated for TB for ≥ 1 month. Extensive (or advanced)

ulmonary TB was defined based on the presence of bilat-

ral cavitary disease or extensive parenchymal damage on

hest radiography. Non-severe pulmonary TB was defined

s intrathoracic lymph node TB without airway obstruc-

ion; uncomplicated TB pleural effusion; or paucibacillary

on-cavitary disease confined to one lobe of the lung and

ithout a miliary pattern. 16 

.5. Data analysis 

Normally distributed continuous variables are ex-

ressed as the mean ± standard deviation, while non-

ormally distributed continuous variables are expressed

s the median (interquartile range). Comparisons were

ade using the Mann–Whitney U test. 17 Categorical vari-

bles are summarized as frequencies and proportions.

requencies were compared using the chi-square test or

isher’s exact test. The effect of prognostic factors was

valuated by univariable and multivariable logistic re-
3

ression models, with 5–10 events per variable used in the

ultivariable logistic regression analysis. Missing data

ere assumed to be missing at random, and missing data

ere not imputed. A two-sided p < 0.05 was considered

tatistically significant. All statistical analyses were per-

ormed using SPSS, version 25.0, and GraphPad Prism,

ersion 9.4.1. 

. Results 

.1. Demographic characteristics of patients with 

OVID-19-TB 

From 1 December 2022 to 18 January 2023, 2 362

atients had laboratory-confirmed COVID-19 infection at

eijing Chest Hospital. Among these, 102 (4.32%) were

iagnosed with active TB (Fig. S1). Three patients with

OVID-19-TB (2.94%) were aged < 18 years, 57 (55.88%)

ere aged 18–60 years, and 42 (41.18%) were aged > 60

ears ( Table 1 , Fig. 1 ). The median age of the patients

as 54.5 (37–70) years ( Table 1 ). Seventy-nine (77.45%)

f the patients were male and 23 (22.55%) were female

 Table 1 ). More than half of the patients had underlying

iseases (64 [62.75%]), including diabetes mellitus (28

27.45%]), hypertension (22 [19.61%]), cardiovascular

isease (16 [15.69%]), anemia (13 [12.75%]), and cere-

rovascular disease (7 [6.86%]), amongst others. None

f the 102 patients with COVID-19-TB were infected with

uman immunodeficiency virus. 

.2. Clinical features and complications of patients with 

OVID-19-TB 

The most common symptoms at the onset of illness

mong the patients with COVID-19-TB were cough (70

68.63%]), sputum production (55 [53.92%]), and fever

53 [51.96%]). Less common symptoms included hemop-

ysis (10 [9.8%]), headache (4 [3.92%]), and abdominal

ain (1 [0.98%]). Diarrhea was not observed in patients

ith COVID-19-TB. Six patients (5.88%) presented with

erebral infarction. Around one third of the patients (33

32.35%]) developed dyspnea. ARDS (12 [11.76%]), sep-

is (10 [9.8%]), and respiratory failure (8 [7.84%]) were

he most common complications of patients with COVID-

9-TB ( Table 2 ). On admission, 90 patients (88.24%)

resented with mild-to-moderate symptoms, while five

atients (4.9%) had severe symptoms. Seven patients

6.86%) required ICU admission ( Table 2 ). The median

ime from symptom onset to dyspnea was 5 (1–30) days,

o ARDS was 6.5 (3–30) days, to ICU admission was

0 (3–33) days, and to death was 14.5 (10–33) days

Fig. S2). 

Forty-nine of the 102 patients with COVID-19-TB

48.04%) required oxygen support. Of these, 45 required

 nasal cannula/oxygen mask and four underwent in-
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Table 1 

Demographic and baseline characteristics of the 102 patients with COVID-19-TB in Beijing, China, from 1 December 2022 to 18 January 2023. 

All patients 

( n = 102) 

ICU care 

( n = 16) 

Non-ICU care 

( n = 86) 

p 

Characteristics 

Age, year 54.5 (36.5, 70) 64 (48.25, 78.75) 50.5(34.75, 67.25) 0.047 

Sex 

Male 79 (77.45) 11 (68.75) 68 (79.07) 0.349 

Female 23 (22.55) 5 (31.25) 18 (20.93) 

Comorbidity 

Diabetes 28 (27.45) 5 (31.25) 23 (26.74) 0.763 

Hypertension 20 (19.61) 3 (18.75) 17 (19.77) 1.000 

Anemia 13 (12.75) 5 (31.25) 8 (9.30) 0.030 

Cardiovascular disease 16 (15.69) 4 (25.00) 12 (13.95) 0.272 

Cerebrovascular disease 7 (6.86) 3 (18.75) 4 (4.65) 0.075 

COPD 1 (0.98) 1 (6.25) 0 (0.00) 0.157 

Malignancy 11 (10.78) 2 (12.50) 9 (10.47) 0.682 

Chronic liver disease 12 (11.76) 5 (31.25) 7 (8.14) 0.020 

Nervous system diseases 3 (2.94) 1 (6.25) 2 (2.33) 0.404 

Chronic renal disease 9 (8.82) 4 (25.00) 5 (5.81) 0.032 

Autoimmune diseases 5 (4.90) 1 (6.25) 4 (4.65) 0.582 

Pulmonary fungal infections 4 (3.92) 3 (18.75) 1 (1.16) 0.012 

Signs and symptoms 

Fever 53 (51.96) 12 (75.00) 41 (47.67) 0.045 

Cough 70 (68.63) 9 (56.25) 61 (70.93) 0.245 

Sputum production 55 (53.92) 7 (43.75) 48 (55.81) 0.374 

Headache 4 (3.92) 1 (6.25) 3 (3.49) 0.500 

Hemoptysis 10 (9.80) 1 (6.25) 9 (10.47) 1.000 

Dyspnea 33 (32.35) 11 (68.75) 22 (25.58) 0.001 

Abdominal pain 1 (0.98) 0 (0.00) 1 (1.16) 1.000 

Complications 

ARDS 12 (11.76) 9 (56.25) 3 (3.49) < 0.001 

Respiratory failure 8 (7.84) 5 (31.25) 3 (3.49) 0.002 

Sepsis 10 (9.80) 8 (50.00) 2 (2.33) < 0.001 

Ventilation and oxygen therapy 

No ventilation 53 (51.96) 1 (6.25) 52 (60.47) < 0.001 

Nasal cannula/ Oxygen mask 45 (44.12) 12 (75.00) 33 (38.37) 

Respirator 4 (3.92) 3 (18.75) 1 (1.16) 

Severity of COVID-19 

Mild 64 (62.75) 6 (37.50) 58 (67.44) < 0.001 

Moderate 26 (25.49) 2 (12.50) 24 (27.91) 

Severe 5 (4.90) 1 (6.25) 4 (4.65) 

Critical 7 (6.86) 7 (43.75) 0 (0.00) 

Severity of TB 

Non-severe 73 (71.57) 9 (56.25) 64 (74.42) 0.225 

Extensive/Advanced 29 (28.43) 7 (43.75) 22 (25.58) 

Number of comorbidity 

1 21 (20.59) 2 (12.50) 19 (22.09) 0.001 

2 24 (23.53) 2 (12.50) 22 (25.58) 

≥ 3 19 (18.63) 10 (62.50) 9 (10.47) 

Outcome (death/ hospital discharge) 10 (9.80)/92 (90.20) 7 (43.75)/9 (56.25) 3 (3.49)/83 (96.51) < 0.001 

Abbreviations : ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; ARDS, acute respiratory distress syndrome; TB, tuberculosis. 

Table 2 

Descriptive analysis of TB in patients with COVID-19-TB in Beijing, China, from 1 December 2022 to 18 January 2023. 

Tuberculosis All patients 

( n = 102) 

ICU care 

( n = 16) 

Non-ICU care 

( n = 86) 

p 

History of previous TB treatment New case 56/102 (54.90) 7/16 (43.75) 49/86 (56.98) 0.329 

Previously treated 46/102 (45.10) 9/16 (56.25) 37/86 (43.02) 

Anatomical site of the disease PTB 92/102 (90.20) 15/16 (93.75) 77/86 (89.53) − 
EPTB 10/102 (9.80) 1/16 (6.25) 9/86 (10.47) 

TB laboratory confirmation 95/102 (93.14) 14/16 (87.5) 81/86 (94.19) 0.302 

Microbiology Sputum smear 38/96 (39.58) 3/14 (21.43) 35/82 (42.68) 0.133 

Liquid culture 49/64 (76.56) 4/7 (57.14) 45/57 (78.95) 0.340 

Gene Xpert 88/98 (89.80) 13/15 (86.67) 75/83 (90.36) 0.648 

MeltPro TB 30/79 (37.97) 4/11 (36.36) 26/68 (38.24) 1.000 

Drug resistant pattern at TB diagnosis Pan-susceptible TB 41/76 (53.95) 6/11 (54.55) 35/65 (53.85) 0.966 

Mono-drug resistant TB 16/76 (21.05) 4/11 (36.36) 12/65 (18.46) 0.229 

Multi-drug resistant TB 19/76 (25.00) 1/11 (9.09) 18/65 (27.69) 0.273 

Abbreviations: TB, tuberculosis; ICU, intensive care unit; PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis. 
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Fig. 1. Date of illness onset, and age and sex distribution, of patients with COVID-19-TB in Beijing, China, from 1 December 2022 to 18 January 2023. 

(A) Daily cases of COVID-19 and TB co-infection at Beijing Chest Hospital from 1 December 2022 to 18 January 2023. (B) Number of hospital admissions by age and 

sex group. 
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asive mechanical ventilation ( Table 1 ). Of the 102 pa-

ients with COVID-19-TB, 95.10% reported being vac-

inated against COVID-19. Owing to delayed or lim-

ted access to antiviral drugs, Paxlovid was used in 19

atients (18.63%), among whom five died (26.32%).

dditionally, 38 patients (37.25%) were given sys-

emic corticosteroids, of whom 10 died (26.32%) during

ospitalization. 

.3. TB-associated characteristics of patients with 

OVID-19-TB 

Of the 102 patients with COVID-19-TB, 56 (54.90%)

ere new TB cases and 46 (45.10%) were previously

reated TB cases ( Table 2 ). Of the 56 new TB cases, 47

ad both TB and COVID-19 diagnosed within the same

eek ( Fig. 1 ), while nine were confirmed to have TB 7–

0 days before their COVID-19 diagnosis. Ninety-two pa-

ients (90.20%) had pulmonary TB, while 10 (9.80%) had

xtra-pulmonary TB. The majority of the patients were

acteriologically confirmed (95/102 [93.14%]) and had

an-susceptible TB (41/76 [53.95%]) ( Table 2 ). Seventy-

hree patients (71.57%) presented with a minimal or mod-

rate radiographic extent, while 29 patients (28.43%) ex-

ibited an advanced radiographic extent of TB ( Table 1 ).

.4. Laboratory and radiological characteristics of patients 

ith COVID-19-TB 

Of the 102 patients with COVID-19-TB, 16 (15.69%)

howed leucopenia on admission (white blood cell count

 3.5 × 109 /L) and 55 (53.92%) showed lymphope-

ia (lymphocyte count < 1.1 × 109 /L). Patients in the

CU were characterized by increased white blood cell
5

8.83 × 109 /L vs. 5.51 × 109 /L, p = 0.002) and neutrophil

7.33 × 109 /L vs. 3.96 × 109 /L, p < 0.001) counts, in-

reased neutrophil-to-lymphocyte ratio (13.22 vs. 3.83,

 = 0.001), and a lower lymphocyte count (0.93 × 109 /L

s. 1.13 × 109 /L, p = 0.019) than non-ICU patients. Fur-

hermore, the serum concentrations of lactate dehydroge-

ase (223 U/L vs. 174.5 U/L, p = 0.001), C-reactive pro-

ein (70.34 mg/L vs. 25.55 mg/L, p = 0.001), and D-dimer

1.62 mg/L vs. 0.93 mg/L, p = 0.016) were significantly

igher in ICU patients than in non-ICU patients on admis-

ion ( Table 3 ). Both ICU patients and non-ICU patients

ad normal serum procalcitonin. 

The plasma concentrations of interferon- 𝛾, interleukin-

, interleukin-17A, interleukin-21, interleukin-13, inter-

eukin-1 𝛽, tumor necrosis factor- 𝛼, granulocyte-macro-

hage colony-stimulating factor, interleukin-22, inter-

eukin-27, interleukin-4, interleukin-18, interleukin-9,

nterferon- 𝛼, interleukin-15, interleukin-1 𝛼, interleukin-

, RANTES, interleukin-1RA, interleukin-7, macrophage

nflammatory protein (MIP)− 1 𝛼, eotaxin, growth-regu-

ated gene 𝛼, MIP-1 𝛽, and stromal cell-derived factor1 𝛼

ere similar between ICU patients and non-ICU pa-

ients (Fig. S3). In contrast, the plasma concentra-

ions of interleukin-6, interleukin-12p70, interleukin-2,

nterleukin-10, interferon- 𝛾-inducible protein 10 kD, and

onocyte chemoattractant protein (MCP)− 1 were signif-

cantly higher in ICU patients than in non-ICU patients

 Fig. 2 ). 

X-ray or plain chest radiographs were obtained for

ll recruited patients. The representative chest CT find-

ngs of ICU patients with COVID-19-TB more frequently

howed bilateral multiple lobular and subsegmental ar-

as of consolidation with more peripheral nodules than

hose of non-ICU patients ( Fig. 3 ). Among the 102 patients
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Fig. 2. Plasma concentrations of cytokines and chemokines among healthy controls, ICU patients, and non-ICU patients with COVID-19-TB in Beijing, China, from 

1 December 2022 to 18 January 2023. Interleukin-6, interleukin-12p70, interleukin-2, IP-10, and MCP-1 are proinflammatory cytokines, while interleukin-10 is an 

anti-inflammatory cytokine. 

Abbreviation : IL, interleukin. 

6



X. Yang, C. Wang, Y. Xue et al. Infectious Medicine 4 (2025) 100169

Table 3 

Laboratory findings of patients with COVID-19-TB on admission to hospital in Beijing, China, from 1 December 2022 to 18 January 2023. 

All patients 

( n = 102) 

ICU care 

( n = 16) 

Non-ICU care 

( n = 86) 

p 

White blood cell count, × 109 /L 6.26 (4.22, 8.92) 8.83 (7.59, 22.84) 5.51 (4.04, 8.18) 0.002 

< 3.5 16 (15.69) 0 (0.00) 16 (18.60) 0.048 

3.5–9.5 66 (64.71) 10 (62.50) 56 (65.12) 

> 9.5 20 (19.61) 6 (37.50) 14 (16.28) 

Neutrophil count, × 109 /L 4.37 (2.51, 7.18) 7.33 (5.88, 18.04) 3.96 (2.33, 6.58) < 0.001 

< 1.8 12 (11.76) 0 (0.00) 12 (13.95) 0.002 

1.8–6.3 57 (55.88) 5 (31.25) 52 (60.47) 

> 6.3 33 (32.35) 11 (68.75) 22 (25.58) 

Monocyte, × 109 /L 0.47 (0.34, 0.66) 0.46 (0.25, 0.66) 0.48 (0.35, 0.67) 0.716 

Lymphocyte count, × 109 /L 1.04 (0.71, 1.34) 0.93 (0.47, 1.00) 1.13 (0.74, 1.36) 0.019 

< 1.1 55 (53.92) 13 (81.25) 42 (48.84) 0.013 

1.1–3.2 45 (44.12) 2 (13.00) 43 (50.00) 

> 3.2 2 (1.96) 1 (6.25) 1 (1.16) 

Neutrophil lymphocyte ratio 4.05 (2.41, 8.24) 13.22 (6.10, 37.85) 3.83 (2.27, 7.11) 0.001 

Hemoglobin, g/L 113 (99.75, 136) 104.5 (89, 125.25) 119 (100, 136) 0.092 

Platelet count, × 109 /L 231.5 (169, 306.75) 186.5 (143, 245.5) 238 (169.75, 311.25) 0.061 

< 125 12 (11.76) 3 (18.75) 9 (10.47) 0.396 

≥ 125 90 (88.24) 13 (81.25) 77 (89.53) 

Albumin, g/L 35.8 (29.33, 40.53) 29.55 (26.53, 38.83) 36.35 (30.3, 40.9) 0.009 

< 35 48 (47.06) 12 (75.00) 36 (41.86) 0.015 

≥ 35 54 (52.94) 4 (25.00) 50 (58.14) 

Total bilirubin, mmol/L 10.3 (8.58, 12.85) 11.5 (8.95, 15.58) 10 (8.5, 12.43) 0.147 

Potassium, mmol/L 4.1 (3.78, 4.45) 4.18 (3.92, 4.63) 4.08 (3.71, 4.43) 0.170 

Sodium, mmol/L 137.3 (132.85, 140.2) 134.05 (127.95, 138.05) 137.7 (134.50, 140.30) 0.036 

Chlorine, mmol/L 103 (98.35, 105.7) 99.30 (95.18, 105.03) 103.4 (99.70, 105.75) 0.098 

Urea nitrogen, mmol/L 4.76 (3.67, 6.95) 6.97 (5.49, 11.13) 4.48 (3.46, 6.26) < 0.001 

Choline esterase, U/L 5748 (3979.5, 7013.25) 3440 (1613.25, 5205.25) 5921.5 (4361.25, 7383) 0.001 

Creatinine, 𝜇mol/L 65.8 (55, 80.53) 63.55 (47.05, 80.35) 66.75 (55.58, 80.98) 0.587 

D-dimer, mg/L 1.00 (0.42, 2.47) 1.62 (0.93, 6.55) 0.93 (0.39, 2.08) 0.016 

≤ 0.55 34 (36.96) 2 (13.33) 32 (41.56) 0.038 

> 0.55 58 (63.04) 13 (86.67) 45 (58.44) 

Lactate dehydrogenase, U/L 176.5 (147, 217.75) 223 (168.25, 386.25) 174.5 (145, 209.25) 0.008 

< 109 1 (0.98) 0 (0.00) 1 (1.16) 0.042 

109–245 80 (78.43) 9 (56.25) 71 (82.56) 

> 245 21 (20.59) 7 (43.75) 14 (16.28) 

Procalcitonin, ng/mL 0.07 (0.04, 0.13) 0.05 (0.05, 0.23) 0.07 (0.04, 0.11) 0.355 

Hypersensitive C-reactive protein, mg/L 32.28 (6.63, 67.67) 70.34 (45.88, 121.62) 25.55 (4.73, 60.34) 0.001 

N-terminal pro-B-type natriuretic peptide, ng/L 817 (307, 1872) 1666 (351.25, 3252.15) 801 (298, 1443.6) 0.201 

CT scan findings 

Typical ground-glass opacities, bilateral 10/99 (10.10) 3/16 (18.75) 7/83 (8.43) 0.014 

Typical ground-glass opacities, unilateral 13/99 (13.13) 0/16 (0.00) 13/83 (15.66) 

Atypical ground-glass opacities, bilateral 12/99 (12.12) 6/16 (37.5) 6/83 (7.23) 

Atypical ground-glass opacities, unilateral 1/99 (1.01) 1/16 (6.25) 0/83 (0.00) 

Abbreviations: CT, computed tomography; ICU, intensive care unit. 
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ith COVID-19-TB, 23 (22.55%) had typical ground-glass

pacities, while 13 (12.75%) had atypical ground-glass

pacities. Overall, 22 of these 36 patients (61.11%) had

ilateral ground-glass opacities ( Table 3 ). 

.5. In-hospital outcomes of patients with COVID-19-TB 

During hospitalization, 10 of 102 patients (9.90%) died

nd 16 (15.79%) were admitted to the ICU. Five patients

ied due to respiratory failure, and another five died due

o multiple organ dysfunction syndrome or sepsis. All of

he patients that died were aged > 60 years and had one or

ore comorbidities. Twelve of 16 (75.00%) ICU patients

ere aged > 50 years, and 13 (81.25%) had underlying

iseases. Patients with more comorbidities in the older

ge groups were more likely to experience ICU admission

nd death ( Fig. 4 A). Four of 7 patients (57.14%) in the

ritical COVID-19 group died, while two of five patients

40%) in the severe COVID-19 group died. By comparison,
7

nly four of 90 patients (4.44%) with mild/moderate dis-

ase died ( Fig. 4 B). The severity of TB, drug resistance,

r whether they were new TB cases did not appear to be

ajor determinants of the outcome (Fig. S4A–C). 

.6. Predictors of the outcomes of patients with 

OVID-19-TB 

The relationships of demographic and clinical vari-

bles with ICU admission were assessed by logistic re-

ression analysis. In the univariate analysis, the statisti-

ally significant risk factors for ICU admission were older

ge, one or more comorbidities, pulmonary fungal infec-

ion, chronic liver disease, chronic renal disease, dysp-

ea, raised lactate dehydrogenase, raised d -dimer, and

nemia ( Table 4 ). In the multivariate analysis, the signif-

cant independent variables included respiratory failure,

ulmonary fungal infection, and ventilation and oxygen

herapy ( Table 4 ). 
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Fig. 3. (A) Chest CT images of two patients with COVID-19-TB in Beijing, China, from 1 December 2022 to 18 January 2023. Transverse chest CT images from a 

68-year-old male with TB showing the tree-in-bud sign and small cavitations before COVID-19 infection. (B) On day 14 after COVID-19 infection, the CT images show 

bilateral multiple lobular and subsegmental areas of consolidation. (C) Transverse chest CT images from a 63-year-old female with TB showing extensive segmental 

consolidation and centrilobular nodules before COVID-19 infection. (D) On day 14 after COVID-19 infection, the CT images show bilateral multiple lobular and 

subsegmental areas of consolidation and pleural effusion. 
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a  
. Discussion 

COVID-19 is a major global public health concern,

nd accurate diagnosis is crucial because it leads to ap-

ropriate and timely infection control and prevention.

o-infection with other pathogenic species in patients

ith COVID-19 is also of crucial concern as it can com-

licate the diagnosis, treatment, and prognosis of pa-

ients with COVID-19. Therefore, concomitant infections

ust be carefully identified. 18 Investigating the course

f COVID-19 in patients with active TB is crucial for the

anagement of these diseases. Here, we report the results

f a cohort of 102 patients with laboratory-confirmed

OVID-19 and TB co-infection. Generally, the clinical
8

resentation of co-infected patients resembled that of

atients with either COVID-19 or TB infection; how-

ver, co-infected patients had an increased neutrophil-

o-lymphocyte ratio and higher serum concentrations of

actate dehydrogenase, C-reactive protein, d -dimer, and

arious proinflammatory cytokines. Patients with more

omorbidities and advanced age were more likely to ex-

erience ICU admission and death. Active TB appears to

ncrease the risk of COVID-19 mortality. In this cohort,

he mortality rate of co-infected patients (9.80%) was

igher than that of patients with only COVID-19 infection

0.0339%). 19 

Interestingly, 56 new TB cases (54.90%) were di-

gnosed in this cohort. During the study period, most
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Fig. 4. ICU admission, invasive mechanical ventilation, and death of hospitalized patients with COVID-19-TB in Beijing, China, from 1 December 2022 to 18 January 

2023. (A) Number of patients according to age and presence of comorbidities. (B) Number of patients according to age and COVID-19 severity. 

Table 4 

Logistic regression analysis to assess the relationships of demographic and clinical variables with ICU admission among patients with COVID-19-TB in Beijing, 

China, from 1 December 2022 to 18 January 2023. 

Parameter Univariable analysis Multivariable analysis 

Odds ratio (95% CI) p Odds ratio (95% CI) p 

Age, year (one-year increase) 1.029 (1.001, 1.059) 0.046 

Male (yes vs . no) 0.582 (0.179, 1.891) 0.368 

Dyspnea (yes vs . no) 6.400 (2.001, 20.473) 0.002 

Respiratory failure (yes vs . no) 12.576 (2.634, 60.051) 0.002 9.805 (1.745, 55.093) 0.010 

Anemia (yes vs . no) 4.432 (1.228, 15.993) 0.023 

lymphopenia (yes vs . no) 7.000 (1.500, 32.675) 0.013 

Neutrophil raise (yes vs . no) 3.365 (1.074, 10.543) 0.037 

LDH raise (yes vs . no) 3.681 (1.185, 11.442) 0.024 

Chronic liver disease (yes vs . no) 5.130 (1.385, 19.004) 0.014 

Cerebrovascular disease (yes vs . no) 4.731 (0.948, 23.602) 0.058 

Chronic renal disease (yes vs . no) 5.400 (1.269, 22.971) 0.022 

Pulmonary fungal infections (yes vs . no) 19.615 (1.895, 203.068) 0.013 12.963 (1.173, 143.292) 0.037 

Comorbidity (yes vs . no) 5.040 (1.078, 23.563) 0.040 

Previous TB treatment (yes vs . no) 1.703 (0.581, 4.994) 0.332 

Rifampicin resistant (yes vs . no) 0.337 (0.071, 1.604) 0.172 

Ventilation and oxygen therapy (yes vs . no) 22.941 (2.895, 181.783) 0.003 13.783 (1.643, 115.604) 0.016 

TB diagnosis (clinical diagnosis versus 

bacteriological confirmed) 

0.267 (0.057, 1.256) 0.095 

Abbreviations : CI, confidence interval; LDH, lactate dehydrogenase; TB, tuberculosis. 
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2  
atients attended hospital due to COVID-19. As a TB-

esignated hospital, we were able to test the admitted

atients for TB, which led to many new TB cases being di-

gnosed in patients with COVID-19, although during the

OVID-19 pandemic, there was a substantial drop in TB

esting and diagnosis. 20 Our findings support that TB test-

ng in the COVID-19 era should not be neglected as it is

mportant to prevent the spread of both TB and COVID-

9. 21 , 22 

In our cohort, the mortality rate of patients with

OVID-19-TB was 9.80% (10 of 102 patients), which is

imilar to previous observations. In the first pilot study
9

f the Global Tuberculosis Network (2020), the mor-

ality rate was 12.24% (6/49) among patients infected

ith both diseases 11 . Moreover, in a global study by

he TB/COVID-19 Global Study Group (2021), 11.08%

85/767) of patients with COVID-19-TB died. 12 The long-

erm outcomes of another global cohort of patients with

OVID-19-TB showed that death was the outcome in

0.8% (85/788) of patients. 23 A study in Russia re-

orted a mortality rate of 9.33% (7/75) from October

020 to August 2021 in patients with COVID-19-TB. 9 

urthermore, a review conducted by Sereda et al. 24 in

022 reported that 13.0% of patients with COVID-19-TB
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ied. In contrast, the overall mortality was 0.70%–5.00%

rom sole COVID-19 infection during the Omicron out-

reak, 4 , 25 , 26 while the global prevalence of COVID-19-

elated death was around 7.00%. 27 In the present study,

he mortality rate of patients with COVID-19-TB (9.80%)

as also higher than the mortality rate of patients with

OVID-19 infection only (0.0339%) over the same pe-

iod. 19 These results imply that when patients with active

B acquire COVID-19, there is a greater risk of COVID-19

ortality. Several meta-analyses have also suggested that

atients with TB have an increased mortality risk when

o-infected with COVID-19, 27–30 although other studies

ave observed no association between TB and COVID-19

isease severity or mortality. 31–34 Our study suggests that

ctive TB should be prioritized as part of the effort to

revent COVID-19, and older patients with comorbidities

hould be considered for closer monitoring upon a posi-

ive COVID-19 diagnosis. 

In the present study, COVID-19-TB was associated with

nfavorable outcomes, which may have been related to

he immune response. 35–37 Early studies in patients with

OVID-19 or TB have indicated that elevated concentra-

ions of proinflammatory cytokines in the serum (e.g.,

nterleukin-6, interleukin-1 𝛽, IP-10, and MCP-1) are re-

ated to extensive lung damage and pulmonary. 38 We

ound that patients with COVID-19-TB also had high con-

entrations of various proinflammatory cytokines (e.g.,

nterferon- 𝛾, interleukin-1 𝛽, IP-10, and MCP-1), probably

esulting in activated T helper 1 cell responses. In addi-

ion, co-infected patients also demonstrated elevated se-

retion of T helper 2 cytokines, such as interleukin-4 and

nterleukin-10, which suppress inflammation. Hence, we

ecommend further research to characterize the proin-

ammatory and anti-inflammatory cytokines, as well as

he T helper 1 and 2 responses, in COVID-19-TB and to

larify their role in its pathogenesis. Corticosteroids have

een frequently used for the treatment of patients with

evere disease owing to the possible benefit of reducing

nflammation-associated lung injury. However, current

vidence indicates that corticosteroids are not beneficial

n patients with COVID-19. 39 In contrast, corticosteroids

ave a beneficial effect in patients with TB by inhibiting

. tuberculosis -induced cell death. 40 In our cohort of 102

aboratory-confirmed patients with COVID-19-TB, corti-

osteroids were not administered to non-ICU patients, and

ow-to-moderate doses of corticosteroids were given to

nly some ICU patients. In addition to corticosteroids,

reatments blocking cytokines and their receptors have

een approved for TB and COVID-19. 41 Previous evidence

as suggested that treatment with tocilizumab is benefi-

ial for severe COVID-19 and TB. 42–44 However, further

tudies are needed to evaluate whether treatments block-

ng proinflammatory cytokines (e.g., interleukin-6) and

heir receptors are beneficial in patients with both condi-
ions. F  

10
In addition to the increased concentrations of

roinflammatory cytokines in the serum, an elevated

eutrophil-to-lymphocyte ratio also reflects enhanced

nflammation, with a ratio of > 3.63 correlating with

igher mortality in patients with COVID-19. 45 In our

tudy, the median neutrophil-to-lymphocyte ratio was

.05 among the 102 patients with COVID-19-TB. Fur-

hermore, the median concentration of the inflammatory

arker C-reactive protein (32.28 mg/L) was elevated.

ur results further confirm that patients with COVID-

9-TB are in a hyper-inflammatory state. Hence, these

atients may require close monitoring. 

We also identified some demographic and clinical fea-

ures that were associated with ICU admission, including

espiratory failure, pulmonary fungal infection, and ven-

ilation and oxygen therapy, some of which have been

escribed previously. 23 , 46 Therefore, early recognition

f these features and appropriate treatment are impor-

ant for preventing ICU admission among patients with

OVID-19-TB. 

Although data on patients with COVID-19-TB are still

imited, some studies have reported the clinical character-

stics of this population through case reports and case se-

ies; however, previous studies have only included small

umbers of co-infected patients. 9 , 13 , 47 , 48 The small num-

er of cases and limited deaths weaken the robustness of

he results. The present study utilized a large sample size,

dding to the body of literature on this topic. 

Nevertheless, this study also has some limitations that

hould be noted. First, changes in the characteristics of

he infected population are possible. For instance, dur-

ng the initial phase of policy relaxation, high-risk groups,

uch as the elderly or those with underlying conditions,

ight have been infected first. Their clinical manifesta-

ions and outcomes might have differed from those of

he general population infected later. Second, in the early

tages of policy relaxation, the healthcare system would

ikely have been under huge pressure, with limited re-

ources, which could have influenced the patient manage-

ent and treatment outcomes. Therefore, the data from

he initial phase may reflect the outcomes under resource-

onstrained conditions rather than reflecting the general

utcomes. Third, the short study period could not capture

he long-term trends of COVID-19 and TB co-infection, es-

ecially post-peak follow-up data. Fourth, the data were

ourced exclusively from Beijing Chest Hospital, and these

ingle-center results may not be generalizable to other

ospitals. In addition, regional differences in healthcare

ystems may limit the generalizability of the results. Fifth,

his study lacked a control group (e.g., those with COVID-

9 or TB only) for comparison with the COVID-19-TB

roup, which limits the external validity of the study’s

onclusions. We recommend for future research to in-

lude such comparisons to enhance the external validity.

inally, only in-hospital outcomes were reported; long-
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erm follow-up data were lacking. Therefore, future stud-

es should consider long-term outcomes to more compre-

ensively evaluate the impact of COVID-19-TB. 

. Conclusion 

This study demonstrated that active TB augmented

he risk of COVID-19 mortality. Several demographic and

linical characteristics were associated with adverse out-

omes and indicated the importance of early recognition

nd treatment. The results highlight the need for contin-

ous testing of TB in the COVID-19 era to prevent the

pread of both TB and COVID-19. 
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