
Nutritional supply: The potential simplest vaccine and 

therapy  as tuberculosis control intervention in China 

Xiaohan Qiao 

UFR Science, University Paris Saclay, Orsay, 91400, France 

 

xiaohan.qiao@universite-paris-saclay.fr 

Abstract. Tuberculosis (TB) is a highly contagious disease that previously held the distinction 

of being the leading cause of mortality prior to the COVID-19 pandemic. It imposes a significant 

burden on a global scale. This disease might potentially impact individuals’ regular nutritional 

status and impose financial strain on patient’s family. This article discuss the current state of TB 

disease burden in China and India, which serve as representative examples of nations with a high 

burden of this disease. Next, a discussion was held regarding the implementation of ordinary 

control interventions in China. Considering nutritional support has gained increasing recognition 

as a novel intervention in the management and control aspect. The potential feasibility of 

implementing nutritional support as a novel intervention for TB control in China is discussed in 

this article, drawing upon the success of a trial conducted in India. However, additional research 

is required prior to the practical implementation. 
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1.  Introduction 

Tuberculosis (TB) is a highly transmissible disease which is induced by the bacillus Mycobacterium 

tuberculosis that significantly contributes to the global burden of poor health, especially in low-income 

or in middle-income countries. Before the onset of COVID-19 (coronavirus) pandemic, TB occupied 

the position of being the leading cause of mortality from single infectious agent, surpassing even the 

long-term prevalence of HIV/AIDS worldwide [1]. Individuals with weakened immune system are more 

susceptible to tuberculosis infection compared to individuals with intact immune system [2].  

Due to the accessibility of potent anti-tuberculous medications, it becomes feasible to implement 

controlling interventions in regions with a significant burden of TB disease. The conventional 

intervention mode mainly focused on the medical treatment for those with active tuberculosis. However, 

it is important to note that drug treatment alone does not provide a comprehensive solution to the 

prevention of new TB infections. Furthermore, the potential consequence following an improperly or 

incompletely utilization of drug treatment is the development and proliferation of drug-resistant variants, 

which could potentially give rise to an additional emerging issue in disease control [3]. According to the 

analysis, current available intervention would not effectively expedite the reduction in TB cases to the 

desired extent. Consequently, there is a need of developing novel and enhanced intervention in order to 

expedite the decline in disease incidence and alleviate the global burden of this illness. Relying upon 

the successful study conducted in India, it is obvious that nutritional support has the potential to serve 

as a viable strategy in the control of TB on a broader scale. 
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This paper aims to demonstrate the effectiveness of nutritional support in TB controlling procedure 

in China following India’s successful experience as a model. 

2.  Two phases in TB disease progression 

There are two distinct conditions associated with TB: latent TB infection (LTBI) and TB disease. LTBI 

refers to a state in which the bacteria can persist within the body without causing any symptoms. In most 

case of TB infection, the immune system of the individual is able to stop the bacteria’s proliferation. As 

a result, individuals are not capable of transmitting their infection to others. The subsequent stage of TB 

disease occurs when the bacteria become active, get rid of the control from immune system and start the 

multiplication within an infected individual. In this period, individuals show syndromes and potentially 

serve as carriers for spreading the replicated bacteria. Not every individual progresses from LTBI to the 

TB disease, and the duration of this evolution varies significantly among different individuals. The use 

of flexible and adaptable treatment strategies could prevent the progression from LTBI to TB disease 

[4]. 

3.  Global burden of tuberculosis  

The current estimation of global prevalence of LTBI is approximately as 25% of the global population. 

Approximately 10% of these persons have risk of developing TB over their lifetime [5]. In 2020, the 

prevalence of LTBI on a global scale was estimated to 23.0%, amounting to approximately 1.7 billion 

infected individuals. Assuming the current LTBI status is maintained, by the years 2030 and 2050, it is 

projected that the group of LTBI individuals will give rise to 16.3 and 8.3 active TB patients per 100,000 

population respectively [6]. The objective for TB elimination is to achieve a annual reduction less than 

one case per million population by 2050. Achieving that goal necessitates a decrease in incidence by a 

factor of 1,000 during a timeframe about 35 years [7]. Since the majority of newly reported TB cases 

arise from the reactivation of LTBI rather than recent transmission, there is a recognized need to enhance 

treatment approaches for the former. This is considered a vital element in the efforts to control or 

eliminate TB in areas with a high incidence of the disease [5]. In 2019, it was projected that around 10.0 

million individuals worldwide contracted TB disease. Adults comprised 88% of the total number of 

deaths. Most individual developed to TB disease were in South-East Asia (44% of total infection cases, 

WHO regions).  

There exist also wide variations in the prevalence of LTBI across regions. Approximately 66% of the 

global new infection cases was attributed to eight nations, where India accounting for 26% and China 

accounting for 8.4% [6]. Despite the downward trend in TB incidence in these two countries, as indicated 

by epidemiological statistical data, it remains a significant issue [8].  Both of them are still listed as high 

burden of TB and other related disease countries for 2022 in WHO TB global report [1].  

4.  “Vicious circle” between TB and malnutritio, and drug-resistance problem in TB prevelence 

TB is associated with numerous negative impacts on health status, including the decrease of appetite, 

nutrient absorption and metabolism capacity, resulting in wasting and a decline in the general state of 

nutrition [9]. A “vicious circle” could be observed between TB and malnutrition. Existing of TB would 

contribute to malnutritional status by causing deficits in both protein-energy and micronutrient way. 

Consequently, this malnutrition further enhances the susceptibility of the host to TB infection. Research 

has indicated that lack of nourishment could affect both innate then adaptive immune responses that is 

required in controlling TB infection and may also impact response to live vaccinations for example BCG. 

As an example, malnourished mice received BCG vaccination had a higher level of mycobacterial 

dissemination to the lymph nodes and thymus compared to well-fed ones. This finding has raised 

concerns over the potential negative impacts of vaccination in malnutrional status [10]. TB patients with 

malnutrition experience a prolonged recovery period and elevated mortality rates in comparison to 

patients who are appropriately nourished [11]. In TB pandemic countries, undernutrition act as a virtual 

driver in increased TB incidence or prevalence, as well as in the poor outcomes of therapy [110].  
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The potential severity of the prevailing malnutrition issue may surpass public’s initial perceptions. 

Globally, the number of individuals suffering from chronic undernourishment is estimated to be around 

800 million. 98% of these individuals reside in low-income and middle-income countries where TB also 

in endemic [10]. For example, in India, TB and undernutrition coexist as syndemics  [12].  

The use of drug treatment alone as a conventional control method itself is insufficient in preventing 

the reactivation of TB within the extensive population of LTBI individuals. Furthermore, improperly or 

incompletely usage of this approach may potentially contribute to the issue of drug resistance [3]. 

Recently, an increasing focus on nutritional support has been presented within the field of TB disease 

control. A cluster-randomized controlled trial was conducted in four districts of Jharkhand in India to 

investigate the effectiveness of a field-based, open-label intervention. The experiment involved 

household contacts of 2800 patients who had microbiologically confirmed TB infection. These previous 

studies have demonstrated that implementing a dietary intervention in only 6 months resulted in 39%-

48% over a span of two years as a significant decrease of TB incidence within the household [12]. In 

conclusion this successful trail illustrates that the use of nutritional supplementation could potentially 

be a beneficial strategy in the management and control of tuberculosis. 

5.  A succeeded study application in India [12]  

Previous trials have demonstrated that nutritional support as a “biosocial intervention” can effectively 

facilitate the reduction of TB incidence in TB and undernutrition syndemic countries. During the period 

from 1918 to 1943, partial area in UK faced the challenge of TB without the availability of chemotherapy 

or the BCG vaccine.The enhancement of living conditions, which subsequently led to improved nutrition, 

resulted in a significant reduction of TB incidence by a factor of six.  

A clinical trial was conducted in India from 2019 to 2022, applying a total of 10,345 home contacts 

as experimental samples. 3543 (34%) of the entire experimental population experienced the condition 

of undernutrition. The total number of cases was randomly and equally allocated to either the control 

group or the intervention group. The distribution process was consistent to an average household size of 

one index case, along with four contacts in each group. In both 2 groups, TB patients were provided 

with a monthly food supplement containing 1200 kcal and 52 grams of protein per day, as well as daily 

pills delivering the required dietary amount of micronutrients. The intervention group’s family contacts 

were provided with an extra food supply containing 750 kcal energie suplly with 23 grams of protein 

per day and per person, as well as a recommended dietary allowance of micronutrient pills. An extensive 

list of participants’ basic information, categorized by groups, as well as their average values in aggregate, 

is provided in Table 1. 

Table 1. Basic information of participants of household contact trial in two groups. (Not original, data 

from [12]) 

Groups and respective 

participants number 

Intervention group 

(n = 5621) 

Control group 

(n = 4724) 
Total (n = 10 345) 

Cases of TB incidence 96 (1.7%) 122 (2.6%) 218 (2.1%) 

Contacts / index case 

(1400 index patients in each 

study group) 

4.0 3.4 3.7 

Presence of BCG scar 

Total 
3426 (61.0%) 2557 (54.1%) 5983 (57.8%) 

Asset cost 

Cost of 23 household assets  

(American dollar on actual 

exchange rate in 2023) 

16 500 Indian 

Rupees 

Approximately 198 $ 

15 000 Indian Rupees 

Approximately 180 $ 
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A decrease observed in the tracked total population each group as a result of the COVID-19 outbreak. 

The primary outcome assessment was completed by 5328 (94.8%) cases in the intervention group and 

4283 (90.7%) cases in the control group, as a result of practical limitations. In this study, investigators 

have observed that the cumulative incidence of tuberculosis increases in each of the two groups as time 

progresses. The detailed results of accumulated incidence in two groups respectively could be found in 

figure 1 and table 2. 

 

Figure 1. The cumulative incidence of TB disease within the trial group over the duration of the follow-

up period, visualized by a scatter plot. (Not original, data from [13]) 

Table 2. Basic information of participants of household contact trial in two groups. (Not original, data 

from [12]) 

Group Number (decrease progressively over time) 

Control group (total 

number) 
4631 4619 4592 4562 4539 4526 

Intervention group 

 (total number) 
5542 5538 5512 5495 5476 5463 

Control group 

(incidence) 

0  

(0%) 

174  

(3.8%) 

283  

(6.2%) 

437 

 (9.6%) 

1387 

(30.6%) 

3100 

(68.5%) 

Intervention group 

(incidence) 

0  

(0%) 

88  

(1.6%) 

167 

 (3.0%) 

296  

(5.4%) 

1400 

(25.6%) 

3058 

(56.0%) 

In beginning data, it is evident that among the undernutrition population, the initial occurrence rate 

of TB surpasses that of the general population (where nutritional status is determined by individual 

weight as shown by body mass index, or BMI). The variation between the data obtained is about a 

twofold difference. This randomized controlled trial demonstrates the effectiveness of nutritional 

support in significantly reducing 39% of the TB incidence rate across every form of the disease. 

Additionally, the intervention group exhibited a notable 48% decrease in the incidence rate of 

microbiologically confirmed pulmonary tuberculosis as the principal infection mode, compared to the 

reduction in control group. In summary, the nutritional support has been demonstrated to be a cost-

effective, efficient, and accessible method in controlling TB, as evidenced by empirical research 

conducted in India. The final comprehensive outcome data is accessed in Table 3. 
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Table 3. The conclusive data provided within two trial groups. (Not original, data from [12]) 

 Incidence per 100 person per year (caculated in %) 

Group Control group Intervention group 

Nutrition status at baseline 

Underweight (BMI < 18.5 kg/m²) 
1.94 (1.48–2.54) 0.75 (0.51–1.12) 

Nutrition status at baseline 

Normal or above (BMI ≥ 18.5 kg/m²) 
0.93 (0.66–1.31) 0.33 (0.17–0.65) 

Overall 1.27 (1.00–1.61) 0.78 (0.64–0.96) 

6.  Current situation of tuberculosis and related controlling intervention in China 

6.1.  The actual burden of TB disease in China 

As previously mentioned, although there has an obvious decrease in the tendency during the past few 

years, China continues to face a significant burden of TB disease. China accounts for 8.4% of the global 

new incidence cases, indicating that it ranks third among countries with the largest burden of 

tuberculosis worldwide [1]. Another issue that has arisen since the onset of the COVID-19 outbreak in 

2019 is the diversion of primal healthcare resources and accompanying infrastructure away from other 

problematic diseases, such as TB. Based on predictions provided up by relevant researchers, it is 

anticipated that the COVID-19 pandemic will result in a 20% rise in tuberculosis mortality worldwide 

within the upcoming five-year period [11]. 

6.2.  Mainstream disease control interventions in China 

The dominant strategy for TB control in China continues to be the utilization of traditional methods. 

This involves providing vaccinations prior to potential exposure, followed by medical treatment after 

affirmative infection. In China, children under the age of one are eligible to receive free TB vaccine 

(BCG), in order to reduce the risk of future infection. Furthermore, individuals diagnosed with TB 

receive a fundamental set of free testing and medications. The expenses associated with additional 

services are borne by publicly-funded medical insurance programs. According to a study involving a 

total of 3,286 respondents diagnosed TB, the median costs associated with TB care per patient were 

found to be 1041.3 USD, 12.7 USD, and 1185.5 USD for direct, indirect, and total costs, respectively. 

The proportion of direct expenditures in relation to overall costs was found to be 88.0%, whereas direct 

medical costs constituted 69% of the total costs. One notable inference that can be drawn from the 

context of Chinese public health practice is the substantial financial burden faced by both the 

government and individual TB sufferers. The existing tuberculosis (TB) care strategies and packages 

are inadequate in effectively addressing this matter [13].  

Another global issue that significantly impacts TB therapy in China is drug resistance. China is 

currently dealing with a significant burden of drug-resistant TB and multidrug-resistant tuberculosis 

(MDR-TB), which has resulted in it having the second highest caseload worldwide. MDR-TB exhibits 

a disproportionate impact on impoverished rural communities, with the highest prevalence observed in 

less developed locations. This resistance can be attributed mostly to the interruption and/or inappropriate 

implementation of TB treatment protocols. As previously indicated, a significant financial burden is 

experienced by the majority of households affected by the condition, primarily due to the cumulative 

expenses associated with treatment and other related expenditures. As a result of this factor, the 

application of TB treatment was restricted, leading to inadequate implementation or premature 

discontinuation [14].   

7.  Deduction: Why the application of nutritional support will be feasible in China? 

In the aforementioned trial conducted in India, it has been demonstrated that nutritional support is a 

viable, efficient, and cost-effective intervention in the TB control or treatment. As an alternative of 
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medical supplies, the cost of food supply would be considerably less. The potential benefit includes not 

only the economic advantage, but also a potent countermeasure towards medication resistance. 

The management of TB in India is confronted with three major challenges. Firstly, disordered private 

healthcare sector, which is often characterized by a lack of organization, but serves as the initial point 

of care for a majority of patients. Consequently, patients may not always have access to adaptable and 

appropriate diagnosis or therapy following TB exposure. The absence of coordination and information 

sharing between departments restricts effective collaboration and communication, resulting in limited 

dissemination of information to public health authorities. Due to a lack of information pertaining to the 

present state of the disease, the government encounters challenges in formulating pertinent control 

policy for TB control. Lastly, the current economic load poses complications for the government in 

allocating funds towards nutritional support initiatives [15]. 

On the contrary, the Chinese government’s demonstrated execution ability in combating the initial 

outbreak of COVID-19 in 2019, coupled with its remarkable efficiency in epidemic control, indicate 

that the medical system in China possesses the capacity and potential to achieve comparable results in 

managing other diseases. 

When comparing the two countries, it can be observed that China possesses a marginally higher 

Gross National Income (GNI) in contrast to India [16,17]. As previously said, it is important to note that 

the Chinese government is currently assuming partial financial responsibility for the diagnosis and 

treatment of tuberculosis patients. This implies that the government possesses the capability to assume 

the  estimated cost of nutritional support as an intervention, which is far lower than the former amount. 

In conclusion, it is recommended that the Chinese government explore the practical application of 

nutritional support as a simple, practicable, successful, and low-cost innovative approach to control 

tuberculosis. 

8.  Conclusion 

Tuberculosis (TB) is an important topic in infectious disease context, having imposed a substantial 

burden on a global scale for an extended period of time. Present measures for controlling TB have been 

found to be unsuitable for the current circumstances and are unable to meet the public’s demand for 

combating the prevalence of TB. The implementation of nutritional support offers a novel approach that 

can provide patients with the essential nutritional requirements. This intervention has the potential to 

contribute to disease prevention, delay disease development, and give therapeutic advantages in the 

context of tuberculosis control. Based on the findings of a practical study conducted in India, it has been 

suggested that nutritional support could potentially serve as a novel and cost-effective intervention in 

China, potentially leading to superior outcomes compared to those observed in India. However, the 

practicality and availability of implementing this proposed intervention are still being assessed through 

a series of studies in order to get formal approval. 
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