A prior knowledge-informed traceable Neutral Network modeling only using regular laboratory results to assist early diagnosis for tuberculosis
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1. Support Vector Machine （SVM）
SVM is a learning algorithm applied in many areas as it can be used to classify both linear and nonlinear data. In this study, the radial basis function (rbf) kernel was used and two hyperparameters were optimized, including the regularization parameter (C, from 2-5 to 215, num = 100, equally spaced on a log scale), and the Kernel coefficient (gamma, from 2-9 to 23, num = 100, equally spaced on a log scale) 
2. Logistic regression（LR）
[bookmark: OLE_LINK82][bookmark: OLE_LINK81]LR is like linear regression, that is, a straight line fitted from existing data is used for prediction. The L2 penalty was used to specify the norm used in the penalization, and inverse of regularization strength was optimized
3. K nearest neighbor（KNN）
[bookmark: OLE_LINK102][bookmark: OLE_LINK101]KNN is classified according to the distance between different features and determines the category of samples to be distinguished according to the category of K samples closest to them. Number of n_neighbors used by default for model optimization (1 to 11, interval =1)
4. Random Forest（RF）
RF is an ensemble classifier formed by a family of T decision trees. The predictions of all individual trees are combined by using the majority-voting mechanism. A node is partitioned using the best possible binary split. Another important feature of RF is its ability to measure the importance of each feature based on the Gini impurity index. Gini impurity is the likelihood of an incorrect classification of a randomly selected case if it was randomly labeled according to the distribution of the data. 
Here three key hyperparameters were optimized, including the number of trees in the forest (estimators, from 50 to 100, interval = 1), the maximum depth of the tree (adept, from 10 to 70, interval = 1), and the function to measure the quality of a split (criterion,[entropy, gain]) and the randomness of the bootstrapping of the samples used when building trees (random state, from 1 to 100, interval = 1).
5. Neutral Network（NN）
[bookmark: OLE_LINK104][bookmark: OLE_LINK103]NN consists of input layer, hidden layer, and output layer, which is composed of neuron basic units. Each neuron is connected to the neuron of the previous layer, receives the output of the previous layer, and outputs to the next layer. In this study, the NN model has 5-6 hidden layers except the input and output layers, and the number of neurons in each layer varies from 32 to 256. Relu is selected as the activation function of the hidden layer, binary-Cross entropy is used as the loss function of the classifier, and RMSprop is used as the optimization algorithm. Both L1_L2 regularization and Dropout methods are used to reduce overfitting and improve model generalization.

[bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK74]Table 1. Different performance of 5 machine learning algorithms in disease screening process

	Algorithm
	Performance indicator (Mean;95%CI; SD)

	
	AUC
	SEN
	SPE
	ACC

	RF
	0.9904
(0.9898-0.9909) 0.0003
	0.9397
(0.9358-0.9435) 0.0019
	0.9350 
(0.9330-0.9370) 0.0010
	0.9359
(0.9339-0.9380) 0.0010

	SVM
	0.9811
(0.9791-0.9831) 0.0010
	0.9053
(0.9011-0.9096) 0.0021
	0.9769
(0.9758-0.9780) 0.0006
	0.9623
(0.9610-0.9636) 0.0006

	NN
	0.9913
(0.9905-0.9921) 0.0004
	0.9600
(0.9543-0.9656) 0.0028
	0.9635
(0.9610-0.9659) 0.0012
	0.9628
(0.9616-0.9640) 0.0006

	LR
	0.9361
(0.9339-0.9383) 0.0011
	0.9256
(0.9216-0.9297) 0.0020
	0.7494
(0.7462-0.7526) 0.0016
	0.7853
(0.7825-0.7881) 0 .0014

	K-NN
	0.9577
(0.9556-0.9597) 0.0010
	0.9194
(0.9142-0.9245) 0.0026
	0.9195
(0.9078-0.9312) 0.0058
	0.9195
(0.9103-0.9287) 0.0046



