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1. INTRODUCTION
Community acquired pneumonia (CAP) is a common disease and remains a major health problem leading to significant morbidity and mortality worldwide. It has been reported that the incidence of CAP increases with age and in patients who have underlying diseases such as chronic obstructive lung disease, diabetes mellitus, renal insufficiency, congestive heart failure, chronic liver disease and malignancy. These individuals are at risk of infection with antimicrobial resistant or a variety of newly identified or previously unrecognized pathogens. Therefore, diagnosis and treatment of CAP are still challenging for clinicians. 
In Viet Nam, there is little data concerning the etiology of CAP. In most health care facilities there are few resources for routine microbiological testing and little systematic research has been performed. Choice of appropriable antibiotics for CAP treatment depends on the etiologies, antimicrobial susceptibilities, risk factors and severity of CAP. So initial  treatment is empirical. Knowledge of pathogen patterns causing CAP is therefore crucial. Based on this data, clinicians have more knowledge and experience to narrow the pathogens and choose the appropriate antibiotics for CAP management. 
This prospective study “Clinical, paraclinical and aetiology of community-acquired pneumonia” was conducted with aims to:
1. Describe the clinical, paraclinical characteristic and the progress of community-acquired pneumonia (CAP).  
2. Identify the aetiology of CAP and the antimicrobial susceptibility of isolated pathogens. 
2. RATIONALE
· The study results provided valuable data concerning clinical and paraclinical characteristics of CAP, distribution of the etiological pathogens in CAP, antibiotic resistance of the isolated agents, validation of some prognostic factors and risk factors associated with mortality in CAP.
· The study employed a wide range of diagnostic tools to identify the pathogens causing CAP, used advanced techniques such as PCR and sequencing to determine the atypical pathogens in CAP. 
· Especially, two new pathogens were found in this study: C. psittaci và M. amphoriforme; hence, added new etiologies of CAP in Viet Nam to Vietnamese medical literature.
3. PRACTICAL APPLICATION OF THIS STUDY
This study provided important and necessary information for clinical practice. Based on the information, clinicians have scientific evidence to narrow the pathogens causing CAP and to choose the appropriable antibiotic for treatment.
4. THESIS STRUCTURE
The structure of the thesis includes 122 pages: introduction 2 pages, literature review 35 pages, material and method 23 pages, results 33 pages, discussion 26 pages, conclusion 2 pages, proposal 1 page. There are 27 tables, 19 figures, 2 diagrams, 3 pictures, 132 references (8 Vietnamese references, 1 French reference, 123 English references).
[bookmark: _Toc430936513]CHAPTER 1
LITERATURE REVIEW
1.1. Definition
	Community-acquired pneumoniae (CAP) is defined as an acute pulmonary infection in a patient who is not hospitalized or living in a long-term care facility 14 or more days before presentation. This term is used to differentiate community acquired pneumoniae from hospital-acquired pneumoniae (HAP).
[bookmark: _Toc410251993][bookmark: _Toc430936472]	1.2. Aetiologies of community-acquired pneumoniae
1.2.1. Bacteria
In adults, CAP was caused by a variety of bacteria. S. pneumoniae is the most frequently isolated pathogen, followed by Hemophilus influenzae and Moraxella catarrhalis. Staphylococcus aureus is frequently isolated in patients with COPD, ventilated patients and especially, in patients after influenza infection. The “atypical” organisms, include Mycoplasma pneumoniae, Chlamydia pneumoniae, Chlamydia psittaci, and Legionella pneumophila are being increasingly more common. The distribution of bacterial aetiologies in CAP differs among regions and modes of management: outpatient management, non-ICU admission or ICU admission. The incidence of CAP caused by Gram-negative bacteria (include K. pneumoniae, Acinetobacter spp., P. aeruginosa, and Burkholderia pseudomallei) is increasing, especially in Asian region. 

1.2.2. Viruses
	Viruses are also recognised as important causes of CAP in children as well as in adult. Recent studies concerning the aetiology of CAP showed that viral causes can be detected in 15-56% of CAP patients. The predominant viral causes of CAP are Influenza A, respiratory syncytial virus (RSV), followed by adenovirus, parainfluenza type 1,2,3 and influenza B.
[bookmark: _Toc410251996][bookmark: _Toc430936477]1.3. Risk factors of CAP
The risk factors found to be associated with CAP are smoking, alcohol abuse, and low BMI. Comorbidities are also found to be risk factors for CAP. COPD is the highest risk associated with CAP: the risk for CAP in patients with COPD increases two-fold to four-fold compared to that in healthy people - followed by cardiovascular diseases, heart failure, diabetes, liver diseases and cancer. Some drugs are recognized to be risk factors for CAP, such as corticosteroids, H2-blockers, and especially proton pump inhibitors (PPIs).  
[bookmark: _Toc410252010][bookmark: _Toc430936491]1.4. Diagnosis of CAP
1.4.1. Clinical diagnosis
New infiltration on chest radiology  and at least one of the following manifestations of an acute respiratory tract illness: cough, sputum production, dyspnea, fever (body temperature >38oC) or hypothermia (body temperature <36oC), lung crackles, consolidation on examination (decreased fremitus, dull percussion, decreased or absent vesicular sounds).
1.4.2. Diagnosis of severe pneumoniae
According to the consensus guideline between American Thoracic Society and Infectious Diseases Society of America 2007, severe CAP is diagnosed if the patient has at least 3 minor criteria and/or at least 1 major criteria: 
· Minor criteria: Respiratory rate > 30 breaths/min; PaO2/FiO2 ratio < 250; Multilobar infiltrates; Confusion/disorientation; Uremia (BUN level > 20 mg/dL); Leukopenia (WBC count < 4000 cells/mm3); Thrombocytopenia (platelet count < 100,000 cells/mm3); Hypothermia (core temperature < 360C); Hypotension requiring aggressive fluid resuscitation
· Major criteria: Invasive mechanical ventilation; Septic shock with the need for vasopressors
1.4.3. Diagnosis of etiology
· Techniques for direct diagnosis: Gram stain, culture (sputum, blood, pleural fluid), PCR to detect DNA or RNA of viruses/bacteria.
· Techniques for indirect diagnosis: immunologic techniques to identify antigens or antibodies of bacteria/viruses in the clinical specimens. 
1.4.4. [bookmark: _Toc410252017][bookmark: _Toc430936500]The predictive scores for assessing severity of CAP 
	In clinical practice, assessing the severity of CAP is crucial because it guides patient stratification and appropriate modes of admission. An appropriate mode of admission for CAP patients favors the choice of antimicrobial agents and treatment cost. Some tools such as Pneumonia Severity Index (PSI), CURB-65, and CRB-65 have been suggested to evaluate the severity and prognosis of CAP. These tools have been validated in some settings and can be used in practice.
1.5. Overview of CAP research
After the guideline for diagnosis and management of CAP developed by American Thoracic Society was published in 2001, most study have focused on assessment of severity, status of antibiotic resistance, and effectiveness of new antibiotics in the treatment of CAP.  
In Viet Nam, research on CAP has been conducted for a long time. Most of them focused on the clinical presentation and etiology of CAP. However, microbiological testing for etiologic diagnosis of CAP is vary, pricy, and not always available in many healthcare centers. Therefore, in those studies, most pathogens were identified only by sputum culture and the proportion of successful identification was low. Moreover, serology was rarely used for etiologic diagnosis of CAP during hospitalization because it required paired sera to compaire the antibody titers between acute and convalescent phase. Recently, some studies in Nguyen Tri Phuong hospital have been conducted to explore distribution and antimicrobial susceptibility of isolated pathogens in CAP. These data have contributed to the overall data of Asian Network Surveillance of Resistant Pathogens.




CHAPTER 2
MATERIAL AND METHODS
[bookmark: _Toc430936515]2.1. Materials
2.1.1. Inclusion cricteria
· Patients > 18 years old, admitted to hospital during first 36h.and is not hospitalized or residing in a long-term-care facility within 14 days before the onset of symptoms.
· Patient meets the criteria of pneumonia: A new infiltrate on chest radiograph and the presence of one or more of the following acute respiratory signs or symptoms: cough, purulent airway secretion (yellow sputum), dyspnea, fever (≥3803C) or hypothermia (＜360C), auscultatory findings of abnormal breath sounds and rales.
· Informed consent to participate in the study is provided.
2.1.2. Exclusion criteria
· HIV patients.
· Known active tuberculosis or current treatment for tuberculosis.
· Pulmonary edema, pulmonary embolism or infarction.
[bookmark: _Toc430936519]2.2. Duration of the study and study sites
· The study was done at the National Hospital for Tropical Diseases, Dong Da Hospital and Duc Giang Hospital.
· Duration to enroll patients: from February 2011 to February 2013.
[bookmark: _Toc430936520]2.3. Methods
[bookmark: _Toc430936521]2.3.1. Study design: Prospective study, descriptive case series of patients with CAP
2.3.2. Sample size:
To make sure that the sample size of this study was enough for analysis, we use the WHO’ sample size for calculating the minimum sample: 
	[image: ]



n: sample size;  α = 0,05;     = 1,96;  ε = relative precision (0,25)
p: expected proportion of patients able to detect pathogens (40%)
With the design effect k = 1,5, we intended to enroll 140 patients for this study. 
During implementation, we have enrolled 142 patients in our study.
[bookmark: _Toc430936525][bookmark: _Toc430936524]2.3.3. Laboratory tests to identify the aetiology of CAP
The specimens were collected from all 3 hospitals and sent to the laboratory of National Hospital for Tropical Diseases (NHTD). Each patient was collected all the samples at the same time: sputum, blood, throat swabs and urine (Figure 2.1) 
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      Figure 2.1. Type of specimens and diagnostic tests to identify the aetiology of CAP 
All the techniques to identify the aetiology of CAP were processed by the staffs who are working at the laboratory of NHTD and the Oxford University Clinical Research Unit in Ha Noi. 
* Laboratory tests
· Primary culture must be semi-quantitative to assess the approximate amount of bacteria in the specimen.
· Real-time PCR was used to identify atypical bacteria in sputum or tracheal aspiration: M. pneumoniae, M. amphoriforme, C.  pneumoniae, C.  psittaci, L.  pneumophila, L.  longbeacheae.
· Real time RT-PCR was used to identify viruses in throat swabs: Adenovirus, Coronavirus 229E/NL63, Metapneumovirus, Parainfluenza virus (type 1,  2,  3, 4), Parechovirus, Enterovirus, Bocavirus, Influenza  virus (A and  B), Respiratory syncytial virus (A and B), Rhinovirus A-C, Coronavirus OC43/HKU1.
· Urine was tested for Streptococcus pneumoniae antigen with Alere Binax NOW® Streptococcus pneumoniae rapid test; Alere, USA.
· ELISA test to confirm the increasing of antibody title in 2 sera which were taken at the first day after diagnosis and 7-10 days thereafter for M. pneumonia and C. pneumonia. 
· Antimicrobial susceptibility was tested by the disk diffusion method and interpretations were made according to the guidelines of the CLSI 2013.
· Sequencing was used to confirm the new bacteria: C. psittaci.
*A bacteria causing pneumonia was considered definite if one of the following criteria was met: 
· Positive bacterial culture in a sample from the lower respiratory tract;
· Positive Streptococcus pneumoniae antigen in urine;
· Seroconversion with a four-fold increase in IgG titre or elevated serum level of IgM against Mycoplasma pneumoniae and Chlamydophila pneumoniae;
· PCR positive with atypical bacteria of a sample from the lower respiratory tract.
* The probable virus causing CAP was considered definite if PCR test of samples from nasophryngeal swabs was positive with aforementioned viruses.
[bookmark: _Toc430936535]2.4. Outcomes
2.4.1. Clinical and paraclinical characteristics of CAP
· Clinical and paraclinical chracteristics among patient groups stratified by age (> 65 years and < 65 years), non-severe and severe CAP, and by prognostic scoring systems (PSI and CURB65). 
· Clinical progress (proportion of patients with clinical stability on day 3, day 7 and day 14), evaluation the prognostic factors for mortality in CAP patients.
[bookmark: _Toc430936529]2.4.2. Aetiology of CAP and antimicrobial succeptibility 
· To assess the causative microbial spectrum in CAP patients.
· To compare the proportion of typical and atypical aetiologies by age groups and severity.
· To compare the clinical presentations and laboratory investigations between different aetiology groups.
· To identify the new bacteria causing CAP.
· The prevalence of antibiotic resistance among isolated etiology

Evaluation at day 0 (the date of admission to the study hospital)[image: ]
Figure 2.2. Study procedure
Clinical evaluation on day 3, 7, 14 and at discharge
Improvement: Clinical stability, no antibiotics added or replaced in the antibiotic regimen.
No improvement: Clinical signs and laboratory tests not changed compared to day 0.  
Failure: Clinical signs worsened or not improved after treatment or new severe conditions or Antibiotic regimen modified due to resistance of the isolated pathogens. 
2.5. Statistical analysis
	Statistical analysis was carried out using Stata 12. Variables were tested for statistical difference by chi-square test or Kruskal Wallis test. Multivariate logistic regression model was used to determine risk factors for mortality in CAP. Length of stay and cumulative survival were tested by Kaplan Meier survival curve. For all analyses, a p-value < 0.05 was considered to be statistically significant.
2.6. Ethical consideration
The protocol was submitted for review to the ethical committees of all hospital sites. Patients or their relatives were told about this study. Informed consent will be obtained prior to study entry. Patient’s name was coded to assure that all information generated in this study will remain confidential. 
[bookmark: _Toc430936536]      CHAPTER 3
RESULTS
From 2/2011 to 2/2013, we have recruited 142 patients in the study: 88 male (62%) and 54 female (38%), with mean age of 57 + 20 (18-97), 28 patients (19,7%) have severe pneumonia and 15 patients died (10,6%).
3.1. Clinical manifestation and laboratoty test of CAP patients
[image: ]
[bookmark: _Toc430936546]   Figure 3.4. Clinical symptoms of CAP
The most common symptoms of CAP on admission were: cough (93,66%), fever (83,1%), produced sputum (76,76%), chills (62,14%), chest pain (57,45%), dyspnea (54,61%). 33,5% have myalgia, 11,2% new confusion.
3.1.1. Clinical presentations by patient groups
[bookmark: _Toc430936549]Table 3.4. Clinical presentations between non-severe and severe CAP
	Symptoms
	Non-severe (n=114)
	Severe (n=28)
	p

	Cough
	107 (93,9)
	26 (92,9)
	0,726

	Sputum 
	85 (74,6)
	24 (85,7)
	0,519

	Dyspnea
	50 (44,3)
	27 (96,4)
	0,000

	Chest pain
	62 (54,4)
	19 (67,9)
	0,19

	Fever
	97 (85,1)
	21 (75)
	0,335

	Chills 
	74 (66,1)
	13 (46,4)
	0,07

	New confusion
	3 (2,6)
	13 (46,4)
	0,000

	Headache
	49 (43)
	11 (39,3)
	0,447

	Myalgia
	34 (29,8)
	13 (46,4)
	0,09

	Diarrhea
	4 (3,5)
	8 (28,6)
	0,000

	Abdominal pain
	4 (3,5)
	3 (10,7)
	0,049

	Rales
	73 (64,04)
	25 (89,3)
	0,01

	Severe hypotension
	0 (0)
	12 (42,8)
	0,000


The proportions of difficult breathing, new confusion, diarrhea, abdominal pain and severe hypotension in the severe CAP group were significantly higher than in the non-severe CAP group (p < 0,05).
[bookmark: _Toc430936551]Table 3.6. Clinical presentations among PSI risk classes
	Symptoms
	PSI (I-II)
(n=67)
	PSI (III)
(n=33)
	PSI (IV-V)
(n=34)
	p

	Cough
	64 (95,9)
	30 (90,9)
	32 (94,1)
	0,593

	Purulent sputum
	54 (80,6)
	25 (75,8)
	25 (73,5)
	0,639

	Dyspnea
	24 (35,8)
	17 (51,5)
	30 (88,2)
	0,000

	Chest pain
	36 (53,7)
	18 (54,6)
	21 (61,8)
	0,764

	Fever
	60 (89,6)
	26 (78,8)
	25 (73,5)
	0,075

	Chills 
	51 (76,1)
	16 (48,5)
	15 (44,1)
	0,002

	New confusion
	0 (0)
	3 (9,1)
	13 (38,2)
	0,000

	Headache
	35 (52,2)
	11 (33,3)
	9 (26,5)
	0,026

	Myalgia
	26 (38,8)
	9 (27,3)
	9 (26,5)
	0,338

	Diarrhea
	1 (1,5)
	1 (3)
	10 (29,4)
	0,000

	Rales
	45 (67,2)
	20 (60,6)
	29 (85,3)
	0,056

	Severe hypotension
	0 (0)
	0 (0)
	12 (35,3)
	0,000


134 patients were calculated with PSI score. The proportions of difficult breathing, chills, new confusion, headache, diarrhea, and severe hypotension in the PSI risk class IV-V group were markedly higher than in the PSI risk class III and risk class I-II group (p<0,05). 
[bookmark: _Toc430936552]Table 3.7. Clinical presentations by CURB65 scores
	Symptoms
	CURB65 (0-1)
           (n=95)
	CURB65 (2-5)
(n=43)
	p


	Cough
	87 (91,6)
	42 (97,7)
	0,611

	Purulent sputum
	74 (77,9)
	33 (76,7)
	0,377

	Dyspnea
	40 (42,1)
	34 (79,1)
	0,000

	Chest pain
	53 (55,8)
	25 (58,1)
	0,796

	Fever
	86 (90,5)
	28 (65,1)
	0,000

	Chills 
	66 (69,5)
	18 (41,9)
	0,002

	New confusion
	2 (2,1)
	14 (32,6)
	0,000

	Headache
	45 (47,4)
	12 (27,9)
	0,032

	Myalgia
	34 (35,8)
	12 (27,9)
	0,363

	Diarrhea
	3 (3,16)
	9 (20,9)
	0,001

	Rales
	61 (64,2)
	34 (79,1)
	0,081

	Severe hypotension
	1 (1,1)
	12 (25,6)
	0,000


In the CURB65 score 2-5 group, the proportions of fever, chills, difficult breathing, new confusion, headache, diarrhea, severe hypotension were significantly higher than in CURB65 score 0-1 group (p<0,05).
[bookmark: _Toc430936555]Table 3.9. Laboratory findings between severe and non-severe CAP
	Laboratory tets
	Non severe CAP (n=114)
	Severe CAP
(n=28)
	p

	Red blood cell (T/L)
	4,3 + 0,6
	3,9 + 0,6
	0,00002

	Leucocyte count (G/L)
	10,9 + 5,1
	8,2 + 6,9
	0,0058

	Platelet (G/L)
	238 + 115
	109 + 113
	0,0000

	C-Reactive Proteine (mg/L)
	107,2 + 96
	188,3 + 125,8
	0,0025

	Urea (mmol/L)
	5,5 + 2,7
	9,1 + 6,4
	0,0013

	Creatinine (µmol/L)
	98,6 + 23,5
	120,8 + 85,7
	0,568

	Glucose (mmol/L)
	7,3 + 3,7
			9,7 + 5,9
	0,013

	AST (U/L-37oC)
	52,7 + 65,3
	132,8 + 103,5
	0,0000

	ALT (U/L-37oC)
	47,2 + 63
	66,5 + 52,1
	0,0012


Patients with severe CAP had lower red blood cell, leukocyte, and platelet count and higher urea, glucose, AST, and ALT levels compared to non-severe CAP patients (p<0,05).
[bookmark: _Toc430936559]Table 3.11. Laboratory findings by PSI score
	Laboratory test
	PSI (I-II)
(n=67)
	PSI (III)
(n=33)
	PSI (IV-V)
(n= 34)
	p

	Red blood cell (T/L)
	4,5 + 0,6
	4,2 + 0,6
	3,8 + 0,8
	0,0002

	Leucocyte count (G/L)
	10,2 + 5,4
	10,2 + 4,6
	10,1 + 6,9
	0,876

	Platelet (G/L)
	226 + 97
	234 + 137
	158 + 144
	0,0021

	CRP (mg/L)
	91,4 + 86,2
	149,4 + 124,3
	160 + 117
	0,0088

	Urea (mmol/L)
	4,4 + 1,8
	6,6 + 2,1
	9,7 + 6,0
	0,0001

	Creatinine  (µmol/L)
	91,7 + 22,7
	103,6 + 26,9
	128,2 + 73,9
	0,0002

	Glucose (mmol/L)
	6,7 + 2,1
	7,8 + 4,2
	9,9 + 6,5
	0,0415

	AST (U/L-37oC)
	58,6 + 79,8
	57,5 + 55,5
	105,5 + 99,4
	0,0001

	ALT (U/L-37oC)
	56,0 + 78,7
	39,6 + 40,0
	53,3 + 41,2
	0,047


Red blood cell and platelet count decreased and urea, creatinine, CRP, glucose and AST levels increased from PSI I-II to PSI IV-V. The difference was significant with p<0,05.
[bookmark: _Toc430936560]Table 3.12. Laboratory findings by CURB65 score
	Laboratory test
	CURB65  (0-1)
         (n=95)
	CURB65 (2-5)
(n=43)
	p

	Red blood cell (T/L)
	4,4 + 0,6
	3,9 + 0,7
	0,0006

	Leucocyte count (G/L)
	10,2 + 5,1
	10,1 + 6,4
	0,992

	Platelet (G/L)
	224 + 111
	180 + 123
	0,021

	CRP (mg/L)
	105,3 + 94,8
	162,4 + 126
	0,021

	Ure (mmol/L)
	4,7 + 1,8
	9,7 + 5,2
	0,0001

	Creatinine (µmol/L)
	93,3 + 24,2
	126,2 + 65,7
	0,0001

	Glucose (mmol/L)
	7,2 + 3,1
	9,3 + 5,9
	0,037

	AST (U/L-370C)
	61,4 + 79,4
	81 + 85
	0,0096

	ALT (U/L-370C)
	54,4 + 69,6
	44,6 + 39,9
	0,94


Red blood cell and platelet count, and CRP, urea, creatinine and AST levels in the CURB65 score 0-1 group was significantly higher than in the CURB65 score 2-5 group, p<0,05.
[bookmark: _Toc430936561]
Table 3.13.  Chest radiography lesions
	Chest radiography
	n
	%

	Location
	Right lung
	24
	16,9

	
	Left lung
	60
	42,3

	
	Both lungs
	58
	40,8

	Lung infiltration
	Lobar
	60
	42,2

	
	Multilobar
	82
	57,8


[bookmark: _Toc430936562]40,8% of patients had lesions in both lungs on chest radiography.
Table 3.14. Lung infiltration by CAP severity
	
	Lobar
n (%)
	Multilobar
n (%)
	p

	CAP

	Severe
	4 (6,7)
	24 (29,3)
	0,001

	
	Non severe
	56 (93,3)
	58 (70,7)
	

	PSI
	Score I,II
	33 (56,9)
	34 (44,7)
	0,267

	
	Score III
	14 (24,1)
	19 (25)
	

	
	Score IV,V
	11 (18,9)
	23 (30,3)
	

	CURB65
	Score 0-1
	43 (72,9)
	52 (65,8)
	0,52

	
	Score 2-5 
	16 (27,1)
	27 (34,2)
	


57,8% of patients had multilobar infiltration. Patients with severe CAP had a significantly higher proportion of multilobar infiltration compared to patients with non-severe CAP (p=0,001). There was no difference among classes stratified by CAP severity scoring tools.
3.1.2. Factors associated with mortality in CAP
[bookmark: _Toc430936565]Table 3.16. Factors associated with mortality in CAP
	Factors
	OR
	95% CI
	p

	Alcoholism
	1,4
	0,2-9,3
	0,735

	New confusion
	10,4
	1,5-70,8
	0,016

	Septic shock 
	19,9
	1,9-201,6
	0,011

	Leucocyte < 4G/L
	12,1
	1,6-90,8
	0,015

	Platelet < 100 G/l
	0,5
	0,04-4,3
	0,492

	Urea > 7,5 mmol/l
	7,1
	1,2-42,6 
	0,032


Multivariable logistic regression showed that: leucocyte count < 4G/L, urea > 7,5 mmol/l, septic shock, and new confusion were independently associated with mortality in CAP (OR= 12,09; 7,1; 19,86 and 10,44, respectively) with p <0,05. 
a. CAP severity scores in predicting mortality
	[image: ]
Figure 3.7. Prediction of mortality by CRB65, CURB65 and PSI scores
	[image: ]

Figure 3.8. Cumulative survival by CURB65 score


ROC curves of CRB65, CURB65 and PSI showed that CURB65 was the best value for predicted mortality (CURB65=0,941; PSI=0,905; CRB65=0,88). The duration stay in hospital of patients in the group CURB65 score 2-5 was significantly longer than in the group CURB65 score 0-1, p=0,001.
b. CRP in predicting mortality 
	[image: ]
Figure 3.9. Prediction of mortality using CRP cut-off of ≥ 100mg/l on day 0, day 3 and day 7
	[image: ]
Figure 3.10: Cumulative survival between CRP ≥ 100mg/l and CRP < 100mg/l


[bookmark: _Toc430936573]The cut-off of CRP > 100 mg/L on day 7 appeared to be the best at predicting mortality. Patients with CRP > 100 mg/l on admission had a longer length of stay than those with CRP < 100 mg/l, p=0,033.
3.2. [bookmark: _Toc430936577]The aetiology of CAP 
[image: ]
Figure 3.13. Bacterial and viral aetiologies in CAP
[bookmark: _Toc430936580]Table 3.20.  Bacterial aetiologies identified in CAP patients 
	Bacterial aetiologies
	n (%)

	Unidentified
	54 (38)

	Mono-infection
	

	· Typical bacteria
	31 (21,8)

	· Atypical bacteria
	24 (16,9)

	Co-infection
	

	· 1 typical + 1 atypical
	19 (13,4)

	· 2 typical
	8 (5,7)

	· 2 typical + 1 atypical
	4 (2,8)

	· 3 typical
	2 (1,4)

	Total
	142 (100)


*Typical bacteria were Gram (+), Gram (-) bacteria identified by sputum culture or S. pneumoniae antigen test.  **Atypical bacteria were bacteria identified by PCR sputum or by serologic conversion.
[bookmark: _Toc430936581]Definitive pathogens were identified in 62% of patients (38,7% mono-infection and 23,3% co-infection). 
Table 3.21. Proportion of bacteria identified in CAP (142 patients)
	Bacteria
	n (%)
	Bacteria 
	n (%)

	S. pneumonia
	14 (9,9)
	Pseudomonas sp.
	2 (1,4)

	A. aureus
	6 (4,2)
	Stenotrophomonas 
	1 (0,7)

	S. anginosus
	1 (0,7)
	Nonfermented bacteria
	2 (1,4)

	K. pneumoniae
	21 (14,8)
	M. catarrhalis
	9 (6,3)

	E. coli
	2 (1,4)
	L. pneumophila
	1 (0,7)

	E. cloacea
	3 (2,1)
	C. psittaci
	10 (7,0)

	H. influenzae
	2 (1,4)
	C. pneumoniae
	15 (10,6)

	A. baumanii
	7 (4,9)
	M. amphoriforme
	6 (4,2)

	P. aeruginosa
	4 (2,8)
	M. pneumoniae
	23 (16,2)

	Acinetobacter sp.
	5 (3,5)
	M. tuberculosis
	6 (4,2)



The most common bacteria were K. pneumoniae (14,8%),  S. pneumoniae (9,9%) (in the typical group) and M. pneumoniae (16,2%), C. pneumoniae (10,6%) (in the atypical group). There were 2 pathogens identified in Vietnam for the first time: M. amphoriforme (4,2%) and C. psittaci (7 %).
[bookmark: _Toc430936587]Table 3.22. Clinical and laboratory findings among aetiologic groups
	Findings
	Unidentified
(n=54)
	Typical
(n=41)
	Atypical
(n=24)
	Co-infection
(n=23)
	p

	Cough
	50 (92,6)
	39 (95,1)
	21 (87,5)
	23 (100)
	0,31

	Sputum
	40 (74,1)
	32 (78,1)
	18 (75)
	19 (82,6)
	0,95

	Dyspnea
	33 (61,1)
	21 (51,2)
	10 (41,7)
	13 (56,5)
	0,53

	Chest pain
	29 (53,7)
	23 (56,1)
	17 (70,8)
	12 (52,2)
	0,5

	Fever
	44 (81,5)
	30 (73,2)
	22 (91,7)
	22 (95,7)
	0,2

	New confusion
	4 (7,4)
	6 (14,6)
	3 (12,5)
	3 (13)
	0,7

	Myalgia
	15 (27,8)
	12 (29,3)
	9 (37,5)
	11 (47,8)
	0,33

	Diarrhea
	2 (3,7)
	0 (0)
	4 (16,7)
	6 (26,1)
	0,001

	Hypotension
	2 (3,7)
	3 (7,5)
	3 (12,5)
	4 (18,2)
	0,19

	Leucocyte (G/L)
	10,4 + 5,5
	11,2 + 6,9
	10,1+ 4,4
	9 + 3,8
	0,12

	CRP (mg/dL)
	99 + 99
	142 + 116
	136 +  101
	130 + 109
	0,1

	Uremia (mmol/L)
	6,3 + 4,6
	6,7 + 3,2
	5,4 + 3,1
	5,9 + 4,6
	0,07

	Creatinine (µmol/L)
	104 + 61
	107 + 102
	95 + 24
	100 + 41
	0,12


[bookmark: _Toc430936589]The proportion of diarrhea in the atypical and co-infection group was significantly higher than in the other groups, p=0,001.
Table 3.23. Radiologic findings among aetiologic groups
	Lesion
	Unidentified
(n=54)
	Typical (n=41)
	Atypical (n=24)
	Co-infection (n=23)
	p

	Lobar
	15 (27,8)
	22 (53,7)
	13 (54,2)
	10 (43,5)
	0,04

	Multilobar
	39 (72,2)
	19 (46,3)
	11 (45,8)
	13 (56,5)
	

	Total
	54 (100)
	41 (100)
	24 (100)
	23 (100)
	


There was a difference of chest radiology lesions among aetiologic groups, p<0,05.
3.2.1. New pathogen C. psittaci first identified in CAP 


0


Table 3.24. Clinical findings of CAP patients infected with C. psittaci
	No.
	Sex/age
	Past medical history
	T (onset to admission) (days)
	Length of hospital stay (days)
	Transaminase level
	Kidney functions
	CURB-65
	Multilobar chest X-ray
	Outcome

	1
	Female,
 69
	Not significant
	11
	12
	AST 121
ALT 65
	Creat 125
Ure 7,3
	2
	Middle, lower on the right
	ICU.
Death

	2
	Male,
48
	Alcoholism 
	14
	4
	AST 65
ALT 104
	Creat 92
Ure 3,6
	0
	Lower on the right
	
Discharge

	3
	Male,
70
	Alcoholism, diabetes,  hypertension
	7
	33
	AST 106
ALT 72
	Creat 139
Ure 10,7
	2
	Middle, lower on the right
	ICU, 
Discharge

	4
	Male,
63
	Alcoholism
	8
	18
	AST 212
ALT 63
	Creat 109
Ure 4,1
	1
	Middle, lower on the right
Lower on the left
	ICU, 
Discharge

	5
	Female,
56
	Not significant
	9
	8
	AST 428
ALT 366
	Creat 74
Ure 3,0
	0
	Middle on the right and the left
	ICU, 
Discharge

	6
	Male,
76
	Alcoholism 
	4
	10
	AST 59
ALT 34
	Creat 113
Ure 5,9
	1
	Upper on the right
	Discharge

	7
	Female,
84
	Chronic lung disease
	5
	16
	AST 11
ALT 12
	Creat 92
Ure 7,8
	2
	Upper and lower on the right, pleural effusion
	Discharge

	8
	Male,
53
	Alcoholism 
	8
	13
	AST 257
ALT 188
	Creat 105
Ure 4,7
	1
	Lower on the right
	Discharge

	9
	Male,
34
	Alcoholism
	5
	10
	AST 73
ALT 53
	Creat 103
Ure 4,1
	0
	Lower on the right
	Discharge

	10
	Male,
76
	Peptic ulcer disease
	17
	7
	AST 38
ALT 23
	Creat 95
Ure 6,8
	0
	Lower on the left
	Discharge
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	[bookmark: _Toc430936590]Picture 3.1. Result of electrophoresis C. psittaci 


[image: phylogenetic tree-2]
[bookmark: _Toc430936591]Picture 3.2. Phylogenetic tree of C. psittaci
After sequencing the positive C. psittaci samples, the phylogenetic tree of C. psittaci was identified: 9/10 cases were genotype A and 1/10 case was genotype E/B.
3.2.2. [bookmark: _Toc430936592]Antimicrobial susceptibility of the identified bacteria 
[image: ]
[bookmark: _Toc430936593]Figure 3.20. Antimicrobial susceptibility of K.pneumoniae 
[bookmark: _Toc430936594]Of 21 K. pneumoniae isolates, 100% were sensitive with aztreonam, cefepime, ciprofloxacin, levofloxacin, amikacin, ertapenem, imipenem; more than 90% of isolates were sensitive with ampicillin/sulbactam, ceftazidime, ceftriaxone and cefuroxime. 93,8% of isolates were resistant to ampicillin.

[image: ]
Figure 3.21. Antimicrobial susceptibility of Acinetobacter spp.
Of 14 Acinetobacter spp isolates, 80% were sensitive with ampicillin/sulbactam, followed by tobramycin (77,8%), ticarcillin (75%). More than 1/3 of Acinetobacter spp. isolates were resistant to cefepime, imipenem và ceftazidime.
Other results of antimicrobial sensitibility
· Of 9 M. catarrhalis isolates, 7/9 were sensitive with ciprofloxacin, levofloxacin, chloramphenicol (), 5/7 were sensitive with tazobactam.
· [bookmark: _Toc430936596]Of 5 P. aeruginosa isolates, most of them (5/5) was sensitive with amikacin, tobramycin, neltimycin, ceftazidime, cefepim, imipenem, piperacillin, ticarcillin; 4/5 were sensitive with gentamycin, levofloxacin.
· [bookmark: _Toc430936597]Of 6 S. aureus isolates, most of them were sensitive with vancomycin, levofloxacin, gentamycin, clindamycin. 50% of isolates were resistant to penicillin and erythromycin.	
[bookmark: _Toc430936598]    CHAPTER 4
DISCUSSION
4.1. [bookmark: _Toc430936604]Clinical, paraclinical characteristics and the progress of CAP 
4.1.1. Clinical chracteristics of CAP
The results of this study showed that the most common findings of CAP were cough (93,7%), fever (83,1%), purulent sputum (76,8%), and chest pain (57,5%). This result was similar to Nguyen Thanh Hoi’s findings (2005) which were studied at Respiratory Department, Bach Mai Hospital. Comparing the clinical symptoms using CAP severity scoring systems such as CURB-65 and PSI, our study showed that, the proportion of patients who had dyspnea, confusion, headache, diarrhea and severe hypotension in CURB-65 score 2-5 was significantly higher than in CURB-65 score 0-1, in PSI risk class IV-V was significantly higher than PSI risk class I-II. 
Therefore, apart from the respiratory symptoms, other symptoms such as new confusion, headache, myalgia, diarrhea were considered the factors associated with the severity of CAP. These symptoms should be evaluated on admission to determine the appropriate mode of admission.	
4.1.2. Paraclinical findings
In our study, red blood cell and platelet count were decreased from PSI risk class I to class IV-V. In addition, levels of urea, creatinine, CRP, glucose and liver enzyme were highest in the PSI risk class IV-V, the difference was significant between 3 PSI risk classes with p<0,05 (Table 3.11). A similar trend was observed when comparing between patients with CURB65 score 0-1 and score 2-5. In the severe CAP group, 85,7% of patients had multilobar infiltration, and 8,5% had pleural effusion.  
4.1.3. The prognostic factors in CAP
· CRP
Our study showed that, the CRP levels were markedly higher in the severe CAP than in non-severe CAP. In the CURB65 score 0-1 group, the CRP level was 105.3 mg/L, significantly lower than in the CURB65 score 2-5, p<0,05.  Hohenthal U. and colleagues found that there was a significant increase of CRP level on admission in the PSI risk class III-V when compared with the PSI risk class I-II and the CRP level on day 4 after hospitalization was associated with complications of pneumonia. 
The CRP cut-off of > 100 mg/L showed the best value on day 7 in predicting mortality in CAP comparing to these on day 0 and day 3 (the area under ROC curve on day 7 was 0,861). Patients with CRP level > 100 mg/L had a longer length of hospital stay and a lower cumulative survival than those had CRP level <100mg/L.
· Factors associated with mortality and the value to predict mortality of severity scoring tools
Factors associated with mortality in CAP included septic shock, new confusion, leucocyte < 4 G/L, urea > 7.5 mmol/L, the OR were 19,86; 12,09; 10,44 and 7,1; respectively. Septic shock on admision was one of the prognostic factors and was studied in many severe CAP studies. Akihiro Yoshimoto found that, septic shock on admission and urea > 30 mg/dl were the risk factors for mortality in severe CAP patients treated in ICU.  
Comparing the value to predict mortality of different severity scoring tools, we found that CURB65, CRB65 and PSI were good at making prognosis for CAP, but CURB65 showed the best performance with the highest area under ROC curve of 0.941 (figure 3.7). CURB65 was also easy to use, thus can be applied in clinical practice.
4.2. The aetiology of CAP and the antimicrobial susceptibility of isolated agents
4.2.1. Bacterial aetiologies in CAP
The proportion of patients with identifiable pathogens in our study was higher than in other studies (62%) because we used simultaneously different available technologies to detect pathogens from respiratory tract specimens. Meanwhile, sputum culture can identify the pathogens in 40.1% of patients in our study. Trinh Trung Hieu and colleagues in their samples of 649 medical records with CAP diagnosis from 10 provincial hospitals of Vietnam in 2011 found that, only 339 patients (52.2%) had specimens cultured; of them, 47.2% were able to detect pathogens. With the available tests in our study, the atypical bacteria were identified with a higher proportion (33.1% of patient). In this atypical infection group, there were 16.9% monoinfection and 16.2% co-infection.  This percentage in our study was higher than the other Asian studies: Japan (13%), Korea (16%), Taiwan (22%), China (16%), Thailand (9%), Malaysia (13%), Singapore (7%). Most atypical infected patients in our study, especially M. pneumoniae infected patients were in young group 18-45 years old (16/23 patients), CURB65 score < 2 points (46/47 patients). 
Gram positive bacteria identified in our study were S. pneumoniae (10%), S. aureus (4,3%) and S. anginosus (0,7%). Most of S. pneumoniae infections were confirmed by pneumococal urinary antigen test.  Gram negative bacteria were the most frequently isolated etiologic agents in our study (41.4%). Of them, K. pneumoniae was identified in 15% of patients, followed by Acinetobacter spp. (5% A. baumanii and 3,6% other Acinetobacter), M. catarrhalis (6,4%), P. aeruginosa (2,9%),  E. coli (1,4%), H. influenzae (1,4%). The number of cases with CAP caused by K. pneumoniae is increasing in some Asian countries such as Malaysia, Singapore (23%), Thailand (13-18%), Asian Pacific (15%).  
The new pathogens first identified in Vietnam
 In this study, there were 2 new bacteria detected in Vietnam: Chlamydia psittaci and Mycoplasma amphoriforme (7% and 4,1%, respectively). M. amphoriforme was the new agent causing respiratory infection, was first isolated in 1999 from a patient with primary antibody deficiency (PAD) with chronic bronchitis. There were 6 patients infected M. amphoriforme in our study. 2/6 patients admitted to hospital with septic shock, thrombocytopenia, leucopenia, and died thereafter. One patient was coinfected with K. pneumoniae. This patient had renal failure, severe thrombocytopenia (3G/L) and multilobar chest radiology. 
C. psittaci has commonly associated with disease in different species of birds, but in particular psittacine birds. This pathogen can be transmitted to humans. Studies from south-east Asia region are limited to reported cases in birds from the Philippines and human cases in Singapore. Psitticosis has not previously been reported from Vietnam. Our study showed that 10/142 patients (7%) infected C. psittaci. Of them, 7 patients were C. psittaci monoinfected and 3 patients were coinfected (2 with Acinetobacter spp. and 1 with E. cloacea). The genotyping was performed as previously described by amplifying part of the ompA gene from specimens of these 10 cases. The ompA sequence of 9 cases belonged to genotype A, one sequence belonged to genotype E/B. The genotype E/B has only recently been described as occurring mainly in ducks and some human cases in Europe. 
4.2.2. Coinfection in CAP
In this study, we found that 19.1% of patient had coinfected involving 2 agents and 4.2% involving 3 agents.  A half of 14 cases with S. pneumoniae had been detected co-infection with other pathogen. Nguyen Thanh Hoi and colleagues found that 21.1% patients detected 2 bacterial coinfection by sputum culture. The result from Luchsinger’s study showed that, 50% pneumococal infected patients had mixed infection. 
The rate of viral detection from nasopharyngeal swab was 12/142 patients (8,4%). Of them, 8 patients had coinfection with typical bacteria, non of them coinfected with atypical bacteria. The new virus detected in this study included Piconavirus (2,1%), Bocavirus (0,7%), Metapneumovirus (1,4%). There were 6 patients (4.2%) who had coinfected with Mycobacterium tuberculosis.
[bookmark: _Toc430936613]4.2.3. Antimicrobial susceptibility of isolated pathogens
	Of 21 K. pneumoniae isolates, 100% were sensitive with aztreonam, cefepime, ciprofloxacin, levofloxacin, amikacin, and ertapenem. More than 90% of K. pneumoniae isolates were sensitive with 3rd generation cephalosporins such as ceftazidime, ceftriaxone and ampicillin/sulbactam. For the Acinetobacter spp. isolates, the result showed that the pathogens were resistant to common antibiotics: imipenem and amikacin (35.7%), and 3rd generation cephalosporin (35.7%-45,4%). 
	All of 9 M. catarrhalis isolates were susceptible to ciprofloxacin, levofloxacin and chloramphenicol. There were four M. catarrhalis isolates resistant to erythromycin and showing intermediate sensitivity to cotrimoxazole. Previous studies found that most of M. catarrhalis isolates were resistant to amoxicillin. All 5 P. aeruginosa isolates were sensitive with aminoglycosides, imipenem, ceftazidime, cefepime, piperacillin and ticarcillin. 
[bookmark: _Toc430936614]CONCLUSION
1. Clinical, paraclinical characteristic of CAP: 
· The most common symptoms of CAP were: cough (93,66%), fever (83,1%), sputum (76,76%), chills (62,14%), chest pain (57,45%).
· Dyspnea, confusion, diarrhea, abdominal pain and hypotension were frequent symptoms in severe CAP.  Leucocyte and platelet count were lower and levels of CRP, uremia, glucose, AST, and ALT were higher in severe CAP than in non-severe CAP. 
· Independent factors associated with mortality in CAP were leucocyte count < 4G/L, uremia > 7,5 mmol/l, septic shock, and confusion. CURB65 was the best prognostic tool for mortality in comparison with PSI and CRB65. CRP > 100 mg/L on day 7 was the best prognostic factor for mortality in comparison with these on day 0 (admission) and day 3.
2. Aetiology of CAP:
· Bacterial pathogens were identified in 62% of CAP patients (38,7% mono-infection and 23,3% co-infection). 33,1% of patients were infected with atypical bacteria. Viral pathogens were detected in 8.4% of patients.
· There were 2 new pathogens firstly identified in Viet Nam: M. amphoriforme (4,2%)  and C. psittaci (7 %). The most prevalence genotype in C. psittaci infected patients were genotype A.
· The most frequently isolated bacteria in CAP were M. pneumoniae (16,2%), K. pneumoniae (14,8%),  C. pneumoniae (10,6%) and S. pneumoniae (9,9%). 
· Antimicrobial susceptility: K. pneumoniae was sensitive with aztreonam, cefepime, ciprofloxacin, levofloxacin, amikacin, ertapenem, imipenem (100%), ampicillin/sulbactam and 3rd generation cephalosporin (90%). M. catarrhalis was sensitive with ciprofloxacin, levofloxacin, chloramphenicol (7/9 strains). 100% P. aeruginosa were sensitive with amikacin, tobramycin, neltimycin, ceftazidime, cefepime, imipenem, piperacillin and ticarcillin. 100% S. aureus were sensitive with vancomycin, levofloxacin, gentamycin, and clindamycin. 
PROPOSAL
1. CURB65 should be used to predict mortality in CAP. CRP levels should be evaluated on day 3 and day 7 after the treatment for prognosis.
2. It is recommended to combine at least two antibiotics for treatment of CAP, including one antibiotic covering atypical bacteria.  3rd generation cephalosporin can be used for CAP caused by K. pneumoniae.
3. More studies on C. psittaci and M. amphoriform – two new pathogens causing CAP in adult patients should be conducted, so as studies on the mechanism of transmission to human in these pathogens.
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