
Quantitative Versus Semiquantitative 

and Direct Cultures of Respiratory 

Secretions in Diagnosis of Lower 

Respiratory Tract Infections 
 

Thesis 
Submitted for Partial Fulfillment of Master Degree 

In Clinical and Chemical Pathology 

 

By 
Doaa Mohamed Farouk Ahmed 

M.B., B.Ch. 

   Faculty of Medicine-Ain Shams University   

                                        

 Supervised by 

 

Professor/ Amira Mohamed Mokhtar 
Professor of Clinical and Chemical Pathology 

Faculty of Medicine - Ain Shams University 

 

Professor/ Ghada Abd El-Wahed Ismail 
Professor of Clinical and Chemical Pathology 

Faculty of Medicine - Ain Shams University 

 

Doctor/ Sally Mohamed Saber 
Lecturer of Clinical and Chemical pathology 

Faculty of Medicine - Ain Shams University 

 

Faculty of Medicine 

Ain Shams University 

2012 
 



لعينات  المباشرةالشبه كمية و  رع الكمية واالمز
الجهاز التنفسي في  تشخيص التهابات الجهاز 

  التنفسي السفلي
 

 رسالة
 توطئة للحصول على درجة الماجستير
 فى الباثولوجيا الإكلينيكية و الكيميائية

 
 مقدمة من

 حامددعاء محمد فاروق أحمد / ةطبيب
 بكالوريوس الطب و الجراحة

 جامعة عين شمس
 

 تحت اشراف

 مختارمحمد  أميرةالدكتور/  الأستاذ
 أستاذ الباثولوجيا الإكلينيكية و الكيميائية

 جامعة عين شمسكلية الطب ـ 
 

 إسماعيل احـدغادة عبد الوالأستاذ الدكتور/ 
 أستاذ الباثولوجيا الإكلينيكية و الكيميائية

 جامعة عين شمسكلية الطب ـ  
 

 صابرمحمد سالي / الدكتور
 مدرس الباثولوجيا الإكلينيكية و الكميائية

 جامعة عين شمسكلية الطب ـ 
 
 

 كلية الطب
 جامعة عين شمس

2102 

 
 



   

 

 
Acknowledgement 

  

     All braise are to ALLAH and all thanks. He has guided and 
enabled me by his mercy to fulfill this thesis, which I hope to be beneficial 
for people. 

     I would like to express my deepest gratitude and sincere 

appreciation to Prof. Dr. Amira Mohamed Mokhtar, Professor of Clinical 
and Chemical Pathology, Faculty of Medicine, Ain Shams University for her 
continuous encouragement, her kind support and appreciated suggestions 
that guided me to accomplish this work. 

I am also grateful to Prof. Ghada Abd El-Wahed Ismail, Professor of 
Clinical and Chemical Pathology, Faculty of Medicine, Ain Shams 
University who freely gave her time, effort and experience along with 
continuous guidance throughout this work. 

 Special thanks are extended to Dr. Sally Mohamed Saber, Lecturer 
of Clinical and Chemical pathology, Faculty of Medicine, Ain Shams 
University for her most generous help, valuable advice and precious advice 
whenever needed. 

Lastly, but not the least, I would like to record my greatest thanks 
and gratitude to my husband and family for their actual help and support, 
and to everyone who helped me throughout this work. 

 

 

 

Doaa Mohamed Farouk 

 
 



                                 

 

   

 
 

 

 

 

 

 
 

 

 

 

 

 

 

  



 
 

 

 

  

  قاَلوُا سبُحَْانَكَ قاَلوُا سبُحَْانَكَ 

  لَا عِلمَْ لنَاَلَا عِلمَْ لنَاَ

  إِلاَّ مَا عَلَّمْتنَاَإِلاَّ مَا عَلَّمْتنَاَ

  إنَِّكَ أنَتَ إنَِّكَ أنَتَ 

  الْعلَيِمُ الْحَكِيمُ الْعلَيِمُ الْحَكِيمُ 
  صدق الله العظيمصدق الله العظيم

 ((2323))الآية الآية   سورة البقرةسورة البقرة



List of Contents 

Title                                                                                  Page 
Introduction……………………………...………………………… 1 

Aim of the work ……………………………..…………………..… 4 

Review of literature   

 Chapter I: Lower Respiratory Tract Infection Other Than T.B … 5 

     Community Acquired   Pneumonia ………………………… 5 

                 Health Care Associated Pneumonia........................................... 10 

 Chapter II: Laboratory Diagnosis of LRTIs Other Than T.B …. 21 

                  Indications of Microbiological Examination.............................. 21 

                  Limitations................................................................................. 21 

                 Specimen Selection and Collection............................................... 22 

                Processing of Lower Respiratory Tract Specimens....................... 
1. Direct microscopic examination of specimens…... 
2.          

30 

 Chapter III: Treatment, Prevention and Control of LRTIs Other 
Than T.B...................................................................................... 

 
41 

               Community Acquired Pneumonia................................................... 41 

               Health Care Associated Pneumonia............................................... 45 

Materials and methods............................................................................ 51 

Results..................................................................................................... 69 

Discussion................................................................................................ 104 

Summary..................................................................................................... 114 

Conclusion and Recommendation............................................................... 116 

References................................................................................................... 118 

Arabic summary  

 

 



 

List of Abbreviations 

AIDS 

ARDS 

ATS 

BAL 

BBS 

BCYE 

BHIA 

CAP 

CDC 

CF 

CFU 

CLSI 

 

CPIS 

CT 

DFA 

EIA 

ESBL 

ETA 

Auto Immune deficiency Syndrome 

 Acute Respiratory Distress Syndrome 

American Thoracic Society 

Broncho Alveolar Lavage 

Blinded bronchial sampling 

Buffered charcoal yeast extract 

Brain heart infusion agar 

Community Acquired Pneumonia 

Center for Disease Control 

complement fixation                            

Colony forming unit 

Clinical and Laboratory Standard 

Institute 

Clinical Pulmonary Infection Score 

Computed tomography 

direct fluorescent antibody   

 enzyme immunoassay                            

Endo tracheal aspirate 

Fraction of inspired oxygen 



Fi O
2 

GMS 

HCAP 

H&E 

ICU 

ID 

IDSA 

IFA 

KOH 

LA 

LRTI 

MDR 

MLS 

MRSA 

PCR 

P
a
O

2 

PMN 

PSB 

SARS 

SEC 

TMA 

VAP 

 Gomori methenamine silver      

Health Care Associated Pneumonia 

 hematoxylin and eosin                   

Intensive Care Unit 

Immunodiffusion                            

Infectious Diseases Society of America 

indirect fluorescent antibody   

 potassium hydroxide                  

 latex agglutination                                         

Lower Respiratory Tract Infection 

Multi drug resistant 

Methicillin Resistant Staph Aureus 

Polymerase chain reaction 

Partial pressure of oxygen  

Poly morpho nuclear cells 

 Protected specimen brushing 

Severe Acute Respiratory Syndrome 

Squamous epithelial cells 

Transcription mediated amplification.                                 

Ventilator Associated Pneumonia 

White blood cells 

World Health Organization 



WBC 

WHO 

 

List of Figures 

Figure No.                          Title                                      Page 
Fig. (1): Classification of HCAP…………………… 11 

Fig. (2): Gram stained appearance of squamous 
epithelial cells….............................................. 

 
31 

Fig. (3): Gram stained appearance of ciliated columnar 
epithelial cells…………………………….. 

 
31 

Fig. (4): Gram stained appearance of alveolar 
macrophage and three polymorphonuclear 
leukocytes………………………………... 

 
 

32 

Fig. (5): VAP care bundle prevention check list…….... 50 

Fig. (6): Gram stained smear of sputum sample with    
> 25 and  < 10 SEC (grade + 2)……………. 

 
52 

Fig. (7): Gram stained smear of of sputum sample with 
10 – 25 neutrophils and > 25 SEC (grade – 1).. 

 
52 

Fig. (8): Gram stained smear of of sputum sample with 
< 10 neutrophils and > 25 SEC (grade – 2)….. 

 
53 

Fig. (9): Direct culture method showing few growth…. 57 

Fig. (10): Direct culture showing moderate growth……. 58 

Fig. (11): Direct culture showing heavy growth………. 58 

Fig. (12) Direct culture showing heavy growth………. 59 

Fig. (13): Semiquantitative culture technique…………. 60 



Fig. (14): Semiquantitative culture method showing 
score (+4) heavy growth…………………… 

 
62 

Fig. (15): Quantitative culture of BAL with dilution 
1:1000 showing growth > 104…………….... 

 
65 

 

List of Figures (cont.) 

Figure No.                         Title                                    Page 

Fig. (16): Quantitative culture of sputum sample with 
dilution 1:10 showing growth < 106……… 

 
65 

Fig. (17): Different types of collected samples………. 68 

Fig. (18): Comparison between the results of the three       

cultures techniques of sputum samples.......... 

 
79 

Fig. (19): Comparison between the results of the three 
cultures methods of ETA samples…………     
            

 
87 

Fig. (20): Distribution of multiple bacterial pathogens 
isolated from collected sample……………. 

 
95 

Fig. (21): Antibiogram for isolated pathogenic 
organisms……………………………….  

 
103 

 
 

 

 

 

 

  



List of Tables 

Table                                         Title                                    Page  

Table (1): Identified CAP pathogens……………………... 7 

Table (2): Microbiology of HCAP based on the onset………. 13 

Table (3): CDC criteria for diagnosis of HCAP…………….. 15 

Table (4):  Clinical pulmonary infection score chart. ………... 18 

Table (5): CDC criteria for diagnosis of VAP……………… 20 

Table (6): Specimens for isolation and tests for detection of 
lower respiratory tract pathogens……………….. 

 
25 

Table (7): Bartlett's grading system for assessment of the 
quality of sputum samples…………………..….. 

 
31 

Table (8): Murray and Washington's grading system for 
assessment of the quality of sputum samples…….. 

 
32 

Table (9): Bartlett's grading system for assessment of the 
quality of sputum samples…………………….... 

 
51 

Table (10): The second Gram stain interpretation…………… 55 

Table (11): Semiquantitative scheme for grading of bacterial 
growth on streaked agar plates……………….… 

 
61 

Table (12): CDC threshold values for cultured specimens used 
in the diagnosis of pneumonia…………...……... 

 
64 

Table (13): Different types of collected specimens…………... 67 

Table (14):  Demographic details of the studied patients…….. 69 

Table (15): Type of LRTI of the studied patients…………… 70 

Table (16): The quality of sputum specimens before and after 
saline wash………………...…………………. 

 
71 

 



List of Tables (cont.) 

Table                                           Title                                  Page 

Table (17): Gram stain according to quality and quantitative 
culture results of sputum samples……………… 

 
71 

Table (18): Gram stain of sputum and quantitative culture 
results ……………………………………….                   

 
72 

Table (19): The diagnostic performance of Gram stain of 
sputum in relation to the quantitative culture 
(reference method)…………………………..… 

 
 
72 

Table (20): Gram stain of sputum and semiquantitative 
culture results………………………………...  

 
73 

Table (21): The diagnostic performance of sputum Gram stain 
in relation to the quantitative culture (reference 
method)……………………………………… 

 
 
73 

Table (22): Gram stain of all samples and quantitative culture 
results... ……………………………………..          

 
74 

Table (23): The diagnostic performance of Gram stain of all 
samples in relation to the quantitative culture 
(reference method)…………………………….. 

 
 
75 

Table (24): Results of the qualitative culture technique of the 
sputum samples………………………………. 

 
76 

Table (25): Results of the semiquantitative culture technique 
of the sputum samples…………………...…….   

 
77 

Table (26): Results of the quantitative culture technique of 
the sputum samples…………………………… 

 
77 

Table (27): Comparison between the results of the three 
cultures methods for sputum samples…………… 
 

 
78 

Table (28): Association between qualitative and                 
semiquantitative cultures methods for sputum 

samples       ......................................................  

 
 
80 



List of Tables (cont.) 

Table                              Title                                              Page 

Table (29): Association between qualitative and quantitative 
cultures methods for sputum samples…………… 

 
81 

Table (30): Association between semiquantitative and 

quantitative cultures methods for sputum samples. 

 
82 

Table (31): The diagnostic performance of qualitative culture 

in association with quantitative culture (reference 

method) ……………………………………...                     

 
 
83 

Table (32): The diagnostic performance of semiquantitive 

culture in association with quantitative culture 

(reference method)……………………………..           

 
 
83 

Table (33): Results of the qualitative culture technique of 

ETA…………………………………………  

 
84 

Table (34): Results of the semiquantitative culture technique 

of ETA.................................................................... 

 
85 

Table (35): Results of the quantitative culture technique of 

ETA ………………………………………...                                                      

 
85 

Table (36): Comparison between the results of the three 

cultures methods for ETA……………………... 

 
86 

Table (37): Association between the semiquantitative or 

qualitative and quantitative cultures methods for 

ETA…………….................................................. 

 
 
88 

 



List of Tables (cont.) 

Table                             Title                                               Page 

Table (38): The diagnostic performance of semiquantitative 

culture of ETA samples in association with 

quantitative culture (reference method)………… 

 
 
98 

Table (39): Association between the qualitative and 

semiquantitative cultures methods for ETA…….. 

 
90 

Table (40): Results of isolated pathogens as regards the 

quantitative culture…………………………...  

 
91 

Table (41): Distribution of single bacterial pathogen isolated 

from collected samples………………………… 

 
92 

Table (42): Distribution of multiple bacterial pathogens 

isolated from collected sample…………………. 

 
94 

Table (43): Types of isolated pathogens in relation to the 

diagnosis…………………………………….. 

 
96 

Table (44): Isolated pathogens in relation to the specimens…..                                                                                                                                       98 

Table (45): The antibiogram of isolated pathogens………….. 101 

 

 



                                                                       Introduction and Aim of the Work 
 

  
Page 1 

 
  

Introduction 

Lower Respiratory Tract Infections (LRTIs) are 

common causes of morbidity and mortality worldwide. 

Community Acquired Pneumonia (CAP) and Health Care 

Associated Pneumonia (HCAP) represented by Ventilator 

Associated Pneumonia (VAP) are two important forms of 

pneumonia necessitating fast and conclusive management. 

(Fischbach and Walsh, 2009). 

Ventilator associated pneumonia specially refers to 

pneumonia developing in a mechanically ventilated patient 

more than 48 hours after tracheal intubation or 

tracheostomy (Rajasekhar et al., 2006). Reported 

incidence varied greatly ranging from 6 to 52% of 

intubated patient (Walkey et al., 2009).  

Community acquired pneumonia remains a major 

cause of morbidity and mortality in developed countries 

and it is a large contributor to excessive healthcare resource 

consumption and cost. The annual incidence rate of CAP in 

adults varies between 16 and 130 per 10,000 inhabitants 

(Gutierrez et al., 2006). 

 Accurate identification of respiratory pathogens is 

the center of the management of the patients and initial 

appropriate treatment is associated with a lower mortality 

rate. Normal resident bacteria of the oropharynx may 

contaminate samples and a large number of different 

species may overgrow, preventing the determination of the 

true epidemiologic agent. Using a wash technique and 

quantitative culture of sputum has been shown to decrease 

the number of contaminants by 100 to 1000 fold and has 

enhanced the value of sputum samples (Ziyade and Yagci, 

2010). 


