
Prediction of TCM Effective against Bacterial Pneumonia and
Identification of Antibacterial Natural Product

Pei Gao1, Zheng Chen1, Ming Huang1, Naoaki Ono1,2, Shigehiko Kanaya1,2 and MD Altaf-Ul-Amin1,∗

Abstract—Based on the empirical data from the formulae
of Traditional Chinese Medicine, this study screened out the
natural products with antibacterial potential. The efficacy of
natural products was evaluated by regression and classification
models as candidates for new antibiotics.

I. INTRODUCTION

Finding new antibiotics is a valuable effort to tackle the
issue of antibiotic resistance in bacterial pneumonia. NP
is intuitively associated with Traditional Chinese Medicine
(TCM), hence it is reasonable to pay attention again to
natural products (NP) that are the largest source of an-
tibiotics. In practice, the TCM formula can directly guide
the combination medication of NP compositions while it is
effective in the antibacterial application of NP [1]. Here, a
five-level complementary network provides candidates of the
antibiotics for involved bacteria.

II. EXPERIMENTS AND RESULTS

To eliminate the terminological differences and the indeter-
minate correspondence, we firstly developed a complemen-
tary network (as shown in Figure 1) from TCM formulae
to bacterial pneumonia based on our previous work [2]. By
building a bridge between TCM syndromes and bacterial
pneumonia, we collected 2258 formulae effective for respira-
tory system disease composed of total 316 NP. Out of them,
1208 formulae were labeled as the positive samples that were
considered to be potentially effective for bacterial pneumonia,
others were negative samples. With the presence status of NP,
a data matrix of NP composition and efficacy relations was
constructed. Then three machine learning methods (Lasso
regression, Random Forest, and XGboost) were used to
evaluate the performance of efficacy prediction. The objective
of machine learning is not classification, but to reveal the key
features/NP by ranking their contributions to the models.

The performance of the three models is shown in Table 1.
For the tree-based models, the contribution of representation
highly relies on the accuracy of classification. Here, metrics
(precision, recall, and specificity) in RF and XGboost per-
form a promising overall result for the classification decision.
That is, the feature ranking can be considered as reliable.
To mutually evaluate the importance of each candidate NP,
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we also introduced LASSO to remove the useless features.
As shown in Figure 2 (b)-(d), the thresholds of cumulative
importance were 0.50, 0.75, and 0.95, while the output of the
models was cataloged into different colors. Moreover, the
overall distribution of the salient NP is shown in Figure 2
(a). Noteworthy, with the least 0.50 threshold, four NP make
the greater contribution to both classification and regression.
Furthermore, we search the literature to support the reliability
of the result. For instance, Morus alba against staphylococcus
pneumonia is mentioned in [3]. In summary, the candidates
of antibiotics for treating bacterial pneumonia identified by
the proposed method can be supported by strong evidence.
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Fig.1 The five-level complementary network to bridge modern medicine and TCM.   
The entity relationship diagram shows the details of data structure in each level. 
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Fig.2  (a) shows the results of feature importance ranking and statistical analysis.  
(b) to (d) show the output of different models (pink: RF, green: LASSO, yellow: XGB). 
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