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PhD project Title: The translational potential of biological mass spectrometry and next-generation sequencing in patients  

with central nervous system infections in Vietnam  
 

Project overview:  
 
Central nervous system (CNS) infections cause significant mortality and morbidity worldwide,  but especially in low- and 
middle-income   countries  (LMICs).  According  to  the  World  Health  Organization,   CNS  infections  caused  ~35  million 
Disability   Adjusted   Life  Years  (DALYs)   globally   in  2012.  Clinical   outcomes   are  highly  dependent   upon  the  rapid 
identification of the causative agent and instituting effective (antimicrobial) therapy. However, current diagnostics are 
inadequate and the causative agent is identified in <50% of the patients. Furthermore, Southeast Asia (including Vietnam) 
is  highly susceptible to emerging infections, including those caused by novel pathogens. New diagnostic approaches are 
urgently required for the rapid response to these evolving challenges and to improve patient outcomes.    

 
It is hard to distinguish the cause of many CNS infections by clinical features alone, whilst the insensitivity of commonly 
available laboratory diagnostic assays (e.g. Gram stain and culture) mean many patients are given empiric antimicrobial 
therapy.   

 
The diverse causative agents, the low sensitivity of current diagnostic tests, the increasing new/emerging pathogens, and 
the high mortality and morbidity of CNS infections make them an attractive target for unbiased, single test, metagenomic 
next-generation  sequencing  (mNGS)- based approaches.  In addition, mass spectrometry-based  proteomics  has recently 
become a powerful approach for accelerating the discovery of novel molecular signatures associated with human disease.   

 
Specific project aims:  

 
This PhD research project will aim to investigate the translational potential of biological mass spectrometry and next- 

generation sequencing (NGS) in the diagnostics of CNS infections in Vietnam. Specifically, its aim is to provide proof-of- 

principle that mass spectrometry and NGS methods can improve upon the diagnostic assays currently available in 

hospital settings in LMIC, and thereby potentially improve patient outcomes.  

 

Hypotheses (or research questions):  
 

1. Does CSF contain discriminating protein/peptide signatures for the common causes of CNS infections?   

2. Can mNGS detect a broad range of pathogens in the CSF, thereby improving upon current standard laboratory  

assays?  

3. Can mNGS analysis of urine and plasma samples provide additional diagnostic yield in additional to that provided  

by CSF mNGS in patients with CNS infections?  

 
 

Experimental approach (include details on data generation, brief methodology and collaborative assistance):  
 

A 3-year  prospective  observational  study  has been  conducted  at Viet-Anh  ward  of The Hospital  for Tropical  Diseases 
(HTD) in Ho Chi Minh City, Vietnam. The ward treats approximately 500 patients per year with CNS infections. We aim to 
run the study for a duration of 3 year (2017-2020) and enroll ~750 patients with CNS infections.   For each patient, baseline 
CSF, urine and plasma samples will be collected alongside clinical meta-data, including results of standard laboratory 
tests, final diagnosis, and in-hospital outcome for subsequent analysis. The enrolled patients and their CSF, urine and 
plasma samples will be used to address the proposed research questions. 
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Over a three-year recruitment period we aim to enroll approximately 750 participants, composed of about 240 with 
tuberculous meningitis (TBM) (120 of them laboratory confirmed), 200 bacterial meningitis (BM) (50 pneumococcal 
meningitis),  50  cryptococcal  meningitis,  and  260  viral  encephalitis  cases  (~70%  will  have  no  cause  identified).  These 
patient numbers  are partly pragmatic,  reflecting  the time available  for the study, but will also allow us to address  our 
main research questions with high confidence in obtaining statistically valid results. Given the exploratory  nature of the 
assays and their uncertain diagnostic performance, accurate sample size calculations are impossible. However, the 
discriminatory power of the sample size for each research question can be estimated, as detailed below. 

 
Assuming  that  the  sensitivity  of  protein/peptide  signatures  against  a  conventional  laboratory  diagnosis  as  the  gold 
standard is at least 80%, this sample size will provide an absolute precision (half-width of the 95% confidence interval) for 
the sensitivity  estimate  of ±7% for TBM and ±11% for pneumococcal  and cryptococcal  meningitis.  Specificity  estimates 
will be more precise due to the larger denominator population. 

 
Assuming  that  NGS-based  metagenomics  has  an  overall  sensitivity  of  at  least  95%  against  conventional  laboratory 
diagnostics, the study will have 90% power to prove superiority of NGS-based metagenomic tests at the two-sided 5% 
significance level provided that NGS-based metagenomics  are associated with an overall increased diagnostic yield of at 
least 6% (from 30% to 36%). 

 
Methodology and data analysis 

 
Proteomics 

 
Proteomics  and mass spectrometry  work will be performed  in Oxford using a high-throughput  proteomics  platform  (1) 
sample   processing   robot,   2)   Evosep   high-throughput   liquid   chromatography   and   3)   new   high-throughput   mass 
spectrometry systems) available at Target Discovery Institute Mass Spectrometry Laboratory under the supervision of 
Professor Benedikt Kessler. 

 
Mass  spectrometry  analysis  will  be  divided  into  two  phases:  discovery  and  validation.  Within  the  scope  of  this  PhD 
project,  we will  first  focus  on a protein  marker  we (Professor  Kessler)  recently  discovered  in our  pilot  study  in TBM 
patients (data not shown). Based on our preliminary result, this protein was predominantly  found in patients with TBM, 
but completely  absent  in other patient  groups  (BM, viral encephalitis  and non-CNS  infections).  Because  specific  ELISA 
assay  for  this  biomarker  is  currently  unavailable,  selected  reaction  monitoring  mass  spectrometry  (SMR-MS)  will  be 
utilized to analyze CSF of the pilot study and CSF sampled from patients enrolled in the above clinical study (if relevant). 
The aim is to 1) confirm the original finding of the pilot study (discovery phase) and 2) to determine if the finding of the 
pilot study can be replicated in an independent cohort (validation phase). Finally, appropriate statistical approaches such 
as area under the receiver operating characteristic curve and logistic regression model will be employed to analyze the 
obtained SRM-MS results in relation to clinical and laboratory data of the enrolled patients. These analyses aim to define 
the  cut-off  level  of  this  TBM-associated  protein  signature  that  gives  the  best  differential  diagnostic  values  (e.g.  the 
sensitivity, specificity, and positive and negative predictive values) for patients with TBM (research question #1). 

 
Depending on the progress, additional mass spectrometry analysis beyond TBM-associated protein signature may be 
considered to ensure the delivery of the project within the PhD timeline. 
Next-generation sequencing 

 
Pre-treatment  CSF  and  other  samples  (plasma  and  urine)  from  all  enrolled  patients  will  be  sequenced  using  OUCRU 
MiSeq-based  methods.  The  obtained  sequences  from  CSF  specimens  will  then  be  analyzed  to  explore  the  pathogen 
contents in the tested specimens using appropriate  bioinformatics  pipelines. The ability of NGS to identify pathogens in 
the tested CSF samples  will be compared  against  HTD’s current  standard  diagnostic  assays of bacterial/fungal  culture, 
PCR-based  assays  for  flaviviruses,  herpes  viruses  and  M.  tuberculosis,  and  cryptococcal  antigen  detection  (research 
question #2).  
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Additionally, the aim is also to explore if mNGS analysis of non-CSF samples (urine and plasma) can provide extra 
diagnostic yield as compared to that of CSF mNGS in patients with CNS infections (research question #3).  The analysis will 
also consider to what extent NGS-based diagnostics would influence clinical managements (e.g. reducing empiric 
prescription of antibiotics) in patients with CNS infections. 

 
Supervisors: 

 
Primary supervisor: Dr Le Van Tan, Wellcome Trust International Intermediate Fellow and Head, Emerging Infections 

group, OUCRU, Vietnam, http://www.oucru.org/le-van-tan/  
Expertise: Metagenomics and pathogen discovery 

 
Roles: Running the clinical study, overseeing the project, supervising the sequencing work, 
interpreting the results and providing mentorship. 

Co-supervisor(s): Professor Benedikt Kessler, Nuffield Department of Medicine, University of Oxford, UK, 
https://www.tdi.ox.ac.uk/benedikt-kessler 
Expertise: Proteomics & Biological Mass Spectrometry 

 
Roles: Supervising the proteomics work, hosting the student in Oxford for proteomics analysis, 
interpreting the results, and providing mentorship. 
Dr Louise Thwaites, Wellcome Trust Fellow, OUCRU, Vietnam, http://www.oucru.org/dr-c-
louise-thwaites/  

Expertise: Dr Thwaites is a senior clinician. 
Roles: Supervising the clinical aspect of the project, interpreting the results and providing 
mentorship. 

  
Location(s) of studies: 

 
• Oxford University Clinical Research Unit, Ho Chi Minh City, Vietnam 

• University of Oxford, UK 
 

Start date and duration of studies: 

1st November 2018 (4 years) 
 

Training opportunities: 
 

• Metagenomic next-generation sequencing (OUCRU, Vietnam and overseas, e.g. 
https://rega.kuleuven.be/cev/veme-workshop/2018) 

• Proteomics (Oxford, UK) 
• Statistics (OUCRU, Vietnam) 
• Advanced phylogenetics (overseas, e.g. https://rega.kuleuven.be/cev/veme-workshop/2018) 
• Scientific communications (writing and oral presentation, OUCRU, Vietnam) 

 
Skills required in the candidate: 
 
• Molecular diagnostics 
• Sanger sequencing 
• Next-generation sequencing 
• Basic phylogenetics 
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