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USDA Integrated Pathogen Modeling Program  

 A platform for easy and accurate data analysis in 

predictive modeling 

 
 Lihan Huang, Ph.D. 

Research Leader 
Residue Chemistry and Predictive Microbiology Research Unit 

Eastern Regional Research Center 
USDA Agricultural Research Service 

Wyndmoor, PA 



USDA Integrated Pathogen 
Modeling Program (IPMP) 

A suite of data analysis tools that contains 20+ most frequently 
used models  
• Intelligent, interactive data analysis and model development 
• Very easy-to-use graphical-user interfaces to guide every step 
• Standardized data analysis and interpretation 

What is it?   Google it. 



Website to download 

• IPMP is located in a secured USDA website 
• https://www.ars.usda.gov/northeast-area/wyndmoor-pa/eastern-regional-

research-center/docs/ipmp-2013/ 

• A tutorial  

• Download Instructions  

• Compiled software (zipped file)  

– Windows 32 or 64 bit, Vista to Windows 10 



Primary and secondary models 

• Primary model (time) 

– Isothermal curves (growth and survival) 

– Growth rate and lag time 

– D value 

• Secondary model (temperature) 

– Effect of temperature on growth rate and lag time 

– Effect of temperature on D values (z value) 



Predictive Microbiology as An Inverse Problem 

• y = f(x, a, b) 

• x is the independent variable 

• y is the dependent variable 

• a and b are coefficients 

• We know x and y, but do not know a and b 

• We will find a way to identify a and b from x 
and y 

• This is an inverse problem 



Predictive Microbiology as A Forward Problem 

• y = f(x, a, b) 

• x is the independent variable 

• y is the dependent variable 

• a and b are coefficients 

• We know a and b 

• We want to know how y changes with x 

• This is a forward problem 



The Traditional Approach:  
a 3-step process 

Isothermal 1 

Isothermal 2 

Isothermal 3 

Isothermal n 

Isothermal i 

Step 1 – Primary model 
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Step 2 – Secondary model 

𝜇 = 𝑔 𝑇  𝑦 = 𝑓 𝑡  

𝑦 = 𝑓 𝑡  
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Predictions 

Step 3 - Predictions 

Inverse problem 

Forward problem 

Data collection Data analysis 



Primary Models for Growth 

• Gompertz model 

• Baranyi model 

• Huang model 

• Buchanan 3-phase (trilinear) model 

Isothermal growth curves 

1. How long is the lag phase? 
2. How fast can a microorganism grow? 
3. What is the maximum cell density? 

We are interested in answering 3 questions from a 
growth curve 
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Lag time 

Maximum cell density 



Primary Models for Survival (Inactivation)  

• Linear model 

• Weibull model 

• Gompertz model 

We are interested in answering 1 question from a 
survival curve 

How fast does a microorganism die off? 
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Secondary Models 

• What is the relationship between rate and 
temperature? 

• What are the minimum, optimum, and 
maximum growth temperatures? 



Techniques for Data Analysis 

• Linear regression 

• Nonlinear regression 

• Typical inverse problems 



Commercial and Free Data Analysis 
and Statistical/Math Tools 

http://www.r-project.org/misc/acpclust.R


Commercial Data Analysis and 
Statistical/Math Tools 

• Very powerful 

• Product-specific programming 

• Not so user-friendly 

• Training and learning 

• Most are very expensive 

• Difficult to learn and use 

 



Some mysteries of predictive modeling 

• Math is too hard 

• I don’t know which model to choose 

• I don’t know which model is better 

• I don’t have a program to do it 

• I don’t know how to program 

 



Specific to Nonlinear Regression 

• Initial guess values 

• Improper initial guess values may not help in 
finding solutions (convergence) 

• Graphical visualization helps finding suitable 
initial guess values 



USDA - IPMP 

• Based on a modern object-oriented computing 
language 

• Advanced scientific computing libraries 

• Modern graphical-user interface 

• 20+ mathematical models 

• Accuracy identical or equivalent to SAS and R 

 



IPMP User Interface 

Data window 

Model window 

Plot window 

Report window 

About IPMP 
Menu bar Tool bar 

Help 

Exit 

Plot window 

Report window 

Data entry and output 



IPMP 2013 Model Window 
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Lag + exponential growth phases 
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Exponential + stationary growth phases 
(no lag phase) 
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Complete growth curves 
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Survival curves 
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Effect of temperature on growth rate 



IPMP 2013 Data Analysis 

Pop up window 

Preliminary curve 

Raw data 

Slide to adjust parameter 

Click to adjust the spin box 

Fine-tuning capability 



IPMP 2013 Data Analysis 

Fine-tuned parameter 

Fine-tuned curve 



Report Generation 

Parameters 

Error analysis 

Raw data 
Predicted value 

Sum of squared errors 

Mean squared errors 
Root mean squared errors 

Lower and upper 95% confidence intervals for the expected value (mean) 

Lower and upper 95% confidence intervals for individual prediction 

Lower and upper 95% confidence intervals 

Akaike criterion 



Exponential growth and stationary phase 
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Lag phase and exponential growth 
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Lag phase, exponential growth, and stationary phase 
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Survival curves 
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Temperature effect – Square-root Models 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0 5 10 15 20 25 30 35 40 45 50 55

Sq
u

q
ar

e
 r

o
o

t 
o

f 
m

m
ax

, (
h

-1
/2

) 

T (°C) 
raw data Ratkowsky Huang

Cronobacter sakazakii in reconstituted infant formula 



Cardinal model/Arrhenius-type model 
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Performance of IPMP 
Comparison with Standard Statistical Packages 



Comparison with Standard Statistical Packages 



IPMP for Data Analysis 
• Simple data entry 

• Choose models that suit your data 

• Use graphical interfaces to adjust parameters for 
faster (almost guaranteed) convergence 

• All data analysis and calculation are done behind 
the scene 

• Fast and accurate 

• Compare different models for the same set of data 

• IPMP has significantly lowered the bar for those 
who want to work on predictive modeling 

 



Thank you! 

Lihan.Huang@ars.usda.gov 





BASELINE-APP 

 
“A WEB-BASED SOFTWARE TOOL: PREDICTIVE 

MODELS AND SAMPLING PLANS” 
 



 
- Software features: 

- Literature review and models development 

 
- Predictive models: 

- Growth /inactivation  
- Models validation 

 
- Optimization of sampling plans: 

- Attributes / concentration-based 
- Specific sampling plans 

 
- Derivation of Microbiological Criteria 

- Case studies 

 
- Conclusions 

 
- Questions 

 
 
 

Contents  



 

• Free access online platform  

• Graphical user-interface:  
– Tables  

– Graphs  

• Flexibility: new models can be incorporated 

• Comparison and Scenario Analysis studies  

 
Free registration is available at www.baselineapp.com  

Software features  



 

 

 

The software tool allows:  
 
 
1.Predict growth and inactivation of different microorganisms in 
different food matrices.  
 
 
2.Design and apply Sampling plans in different food categories.  

Models 
Module 

75 predictive 
models 

implemented 

+ 

help user to design efficient  
statistical sampling plans 
 
 

smallest number of samples 
necessary 
 

while providing the largest 
confidence possible to detect 
a non-conforming lot  
 

Sampling 
Plans  

Module 
 

Software features  



 

 

 
 
Model types: 
  
Primary models:  
 

Growth  
Gompertz  
Baranyi and Roberts (1994) 
Three linear phase model  

 
Inactivation  

Lineal Model  
Weibull  

 
Secondary models  
Ratkowsky type 
Polynomial 

 
Integration of the mathematical 

models into easy to use software tools  

Literature review and models development 



 
 
 
1. Identification of food matrices  

Seafood 

Plant products 

Egg / egg products 

Milk / dairy products 

Meat products 

Literature review and models development 



 
 
 
2. Identification of pathogens 

 
Vibrio parahaemolyticus 
Listeria monocytogenes 
VTEC 
Campylobacter 
Salmonella 

Literature review and models development 



 
 
 
3. Identification of specific environmental conditions 

Literature review and models development 



 
 
 
4. Literature review of available predictive models 

Literature review and models development 



Electronic library catalogues:  
ScienceDirect  
Wiley online library  
Pubmed 
Springer 
Revicien  
Academic google  
Grey literature 

 
 
More than 100 scientific references meeting the proposed requirements 
were analyzed.  
Selection criteria were previously defined.  

 
 
 
4. Literature review of available predictive models 

Literature review and models development 



 
 
 
5. Implementation of selected predictive models in the software 

Literature review and models development 



 
6. Performance and visualization of predictive models  

Predictive models: growth/inactivation 



Models validation 



 
 
 

Models validation 



 
 
 

Data exportation 



SAMPLING PLAN MODULE 

GENERIC MODULE PRACTICAL EXAMPLES SPECIFIC SAMPLING PLANS TOOLS 

Presence/  
absence 

sampling plans 

Concentration-
based sampling 

plans 

Two-class and 
three class 

Binomial 

Poisson 

Negative 
Binomial 

Lognormal 

Poisson-log 
normal 

Deriving an MC from a PO that is set 
as quantitative limit to the microbial 

concentration 

Deriving an MC from a PO that is set 
as the limit to the microbial 

prevalence 

Deriving an MC from an FSO for a 
product supporting growth of the 

pathogen between PO and FSO 

 

 

 

 

 

 

Development of fit-for purpose 
sampling plans for the specific 

food/risk combinations selected 
in BASELINE 

 

 

Creation of help-
menus 

 

Additional 
information 

 

User-friendly 
reports containing 

the main results 
from the applied 

sampling plan 



 

- Generic module:  

- Attributes: Binomial, Poisson, Negative Binomial, Trinomial distributions 

- Concentration-based: Log Normal, Poisson-log normal distributions 

 

 

 

 

Optimization of sampling plans 



Case 1. Aplication of a PO / MC for concentration-based sampling plans 

Smoked salmon contamination by L. monocytogenes. 
Initial contamination of the product just after packaging: 1.5 log cfu/g 
Storage conditions: 96 h at 4°C 
Product formulation: 2ppm phenol + 3% salt 
 
PO =  
 

Which MC should be applied in order to comply with the selected PO? 

P (log cfu/g >3 ) < 5 % of the samples comprising the lot 

Case studies 

Derivation of Microbiological Criteria from established Performance Objectives 



4d- 1.94 log cfu/g 

Case studies 



L. monocytogenes is able to grow up to 1.94 log cfu/g at the end of storage 
We consider a standard deviation of the lot = 0.8 log cfu/g (solid food contamination 
assumed) 
 
Distribution of L. monocytogenes ~ lognormal (1.94, 0.8) 

PO = P (log cfu/g >3 ) < 5 % of the samples comprising the lot 

Case studies 



Case studies 



Case studies 



Case studies 



Criteria Interpretation Sampling plan 

n c m M Satisfactory Unsatisfactory 

10 0 2 NA 
0  samples above 

100 cfu/g 
≥ 1 sample above 

100 cfu/g 
Attributes (two 

classes) 

Case studies 



Case 2. Decision support tools for derivation of MC in foods. 
Application to Escherichia coli O157:H7 in leafy greens 

• Knowledge of expected prevalence /concentration in the studied food product 
• Processing conditions 
• Expected behaviour throughout the production chain 
• Expected consumer handling and storage 

Case studies 

Derivation of Microbiological Criteria from established Performance Objectives 



NO 

YES 

YES 

YES 

YES 

Case studies 



Assumed mean concentration = 1 cell/100g = - 2 log10 cfu/g 
Standard deviation = 0.8 log10 cfu/g 
 
Poisson-log normal distribution (-2; o.8) log10 cfu/g 
Non detectable levels by conventional techniques 

Case studies 



Criteria Interpretation Sampling plan 

n c m M Satisfactory Unsatisfactory 

8 0 -1.40 NA 
Absence after 

enrichment 

Presence (either 
by enumeration 
or enrichment 

Attributes (two classes) 

Case studies 





 

 

 

 

Specific sampling plans 



 

 

The Baseline software tool: 

 

- predicts microbial behavior of different pathogens and food matrices 
with validated models 

- makes possible the addition of new models as well as data are being 
gathered 

- provides an easy derivation of Microbiological Criteria and Sampling 
plans from previously established risk-based metrics 

- offers a tools menu to perform scenario analyses 

- includes decision-support system to help non experienced users to 
choose the suitable option  

 

 

Conclusions 



THANK YOU FOR YOUR ATTENTION!! 
 

avalero@uco.es 
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