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Abstract 
Introduction: This study investigated the role of Chlamydia pneumoniae in the etiology of community-acquired pneumonia (CAP) in Jordanian 

adults.  

Methodology: Eighty hospitalized CAP patients and 110 healthy adults were enrolled. Overall prevalences of C. pneumoniae IgG antibodies 

in sera and the rate of acute infection were estimated, using the microimmunofluorescence method (MIF), at titers of 1:16 and 1:512, 

respectively. Moreover, a nested polymerase chain reaction (PCR) was used to detect C. pneumoniae DNA in nasopharyngeal and blood Buffy 

coat samples.  

Results: Overall chlamydial IgG prevalence was higher in CAP cases than controls (70% versus 61.8%). Similarly, higher rate of acute infection 

was found in patients than in controls (16.3% versus 5.5%). By focusing on subjects testing positive at 1:16, acute infection was detectable in 

23.2% of CAP cases, compared with 8.8% of seropositive controls. Chlamydial DNA was confirmed in 8.2% and 8.8% of nasopharyngeal 

specimens from controls and patients, respectively. Moreover, 10.9% and 7.5% of Buffy coats from controls and cases, respectively, were 

PCR-positive. When performances of both assays for detection of the pathogen were assessed, the sensitivities of MIF and PCR were low and 

comparable. However, MIF demonstrated higher specificity, positive predictive value, and negative predictive value than PCR. 

Conclusions: MIF-based data indicate that C. pneumoniae could be a potential causal agent of CAP in Jordan. This study may serve as a basis 

to elucidate the exact role C. pneumoniae and other co-infecting pathogens in the etiology of respiratory tract disease. 
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Introduction 
Chlamydiae are Gram-negative, obligate 

intracellular pathogens that infect a variety of vertebrate 

organisms [1]. This bacterial group includes Chlamydia 

pneumoniae (synonym Chlamydophila pneumoniae) 

that is primarily a human pathogen and has been widely 

implicated in both lower and upper respiratory tract 

infections, such as community-acquired pneumonia 

(CAP), bronchitis, asthma, and pharyngitis [2,3]. It has 

been also associated with cardiovascular and 

neurodegenerative illnesses [4,5].  

Seroepidemiological studies performed worldwide 

have demonstrated that 40%–86% of asymptomatic 

adults have antibodies to C. pneumoniae [6-9]. In 

Jordan, a single study demonstrated 61.1% 

seroprevalence of C. pneumoniae-specific IgG 

antibodies among apparently healthy male adults [10]. 

More recently, the IgG seropositivity was investigated 

in a population-based survey, which included 

asymptomatic Jordanian nationals with ages ranging 

from 2 to 86 years of both sexes [11]. The overall 

detection rate of IgG against C. pneumoniae was 54.9% 

[11]. 

CAP is an important lower respiratory tract disease 

and has been shown to have a yearly incidence between 

5 and 11 cases per 1,000 adults as estimated by some 

population-based studies in the United States and 

Europe [12]. In the last two decades, C. pneumoniae has 

been recognized to play a role in the etiology of CAP 

worldwide. According to epidemiological studies, C. 

pneumoniae accounts for 1%–22% of patients suffering 

from CAP [13-16]. It has been suggested that this 

pathogen could play an etiological role for CAP in 6% 

of pediatric outpatients between 6 months and 12 years 

of age [17]. Moreover, elderly patients are also among 
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those at high risk of CAP due to C. pneumoniae 

infection [18].  

In Jordan, few reports have analyzed the possible 

role of C. pneumoniae in CAP. Al-Ali et al. detected C. 

pneumoniae IgM antibodies in 23% and 14% of 

hospitalized adults and children, respectively [19]. 

Another report confirmed the presence of Chlamydia 

DNA in 4.5% of Jordanian children younger than five 

years of age and hospitalized with acute respiratory 

infection, based on Chlamydia spp.-specific 

polymerase chain reaction (PCR) for nasopharyngeal 

samples [20]. However, a more recent study could not 

find C. pneumoniae DNA by multiplex PCR in throat 

and nasal swabs collected from Jordanian children 

younger than two years of age and hospitalized with 

acute respiratory disease (A. Shehabi, personal 

communication, November 13, 2014). It is noteworthy 

to mention that these reports were without controls and 

did not include attempts to analyze the C. pneumoniae-

specific IgG antibody. Additionally, the serological 

findings have not been correlated with molecular 

(DNA) prevalence of C. pneumoniae. Furthermore, the 

presence of the bacterial DNA in the blood of CAP 

cases has not yet been screened. The main goal of the 

present study was to unveil the possible causal role of 

C. pneumoniae in CAP based on the detection of both 

the bacterial DNA and C. pneumoniae-specific IgG 

antibodies in clinical specimens collected from 

hospitalized adults suffering from CAP.  

 

Methodology 
Study subjects 

This case-control study was conducted between 

February 2013 and January 2014. A total of 80 patients 

with a diagnosis of CAP and who were hospitalized at 

the University of Jordan Hospital, Amman, were 

enrolled in this study. This group of CAP cases 

comprised patients of 18–92 years of age and included 

53 males and 27 females with a mean age of 57.4 years 

± 17.5. Diagnosis of CAP was based on chest 

radiography, performed within 24–48 hours after 

admission, with signs compatible with acute lower 

respiratory tract infection and new pulmonary infiltrates 

on chest X-ray. Other clinical and respiratory symptoms 

of CAP included cough, fever, dyspnea, tachypnea, and 

pleuritic chest pain. Control subjects were healthy 

blood donors, laboratory personnel, and students at the 

Department of Biological Sciences, the University of 

Jordan. The ages of controls ranged from 18 to 87 years 

(mean age 40.2 years ± 14.5) and consisted of 67 males 

and 43 females. Control individuals were excluded 

from the study if they had symptoms of respiratory 

disease or received antibiotics within the last three 

months before enrollment. Controls and CAP patients 

were divided into four age groups: 18–32 years, 33–48 

years, 49–64 years, and ≥ 65 years.  

The study was approved by the scientific research 

committees at the Department of Biological Sciences 

and Faculty of Postgraduate Studies, in addition to the 

ethics committee of the University of Jordan Hospital. 

Signed informed consent was obtained from each 

participating person. 

 

Data collection and clinical information 

All available clinical data and radiological 

diagnosis for each patient were documented on a 

standardized questionnaire. The same form was also 

utilized to record all available information from 

controls eligible for the study. 

 

Sample collection and transport 

A nasopharyngeal specimen and two venous blood 

samples (3–4 mL each) were obtained from each 

enrolled patient within 48 hours of admission. Prior to 

admission and sample collections, about 39% of 

patients had initiated antibiotic treatment. 

Nasopharyngeal specimens were obtained based chiefly 

on previously published protocol [21]. Briefly, samples 

were taken using sterile plastic-shafted Dacron-tipped 

swabs and collected in 1 mL commercially available 

sterile C. pneumoniae transport medium (Vircell 

MICROBIOLOGISTS, Santa Fe, Spain) and then 

stored at -72°C until analysis of the presence of C. 

pneumoniae DNA. A blood sample drawn from each 

individual was used to separate serum that was then 

stored at -20°C until tested in the serological test. The 

second blood specimen was used to harvest Buffy coats 

according to the protocol provided with G-spin Total 

DNA Extraction Kit (iNtRON Biotechnology, 

Gyeonggi-Do, Korea). Fractions corresponding to 

Buffy coats were carefully aspirated and transferred 

into 1.5 mL Eppendorf tubes and kept at -20°C until 

used. 

 

Antigen preparation 

The C. pneumoniae strain VR1310, a generous gift 

from Thomas F. Meyer, Max Planck Institute for 

Infection Biology, Berlin, Germany, was utilized for the 

antigen preparation in microimmunofluorescence 

(MIF). Antigens were whole elementary bodies 

prepared as described previously [22].  
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Serological assay 

MIF method detects indirectly human IgG 

antibodies raised against C. pneumoniae using labeled 

anti-human IgG antibodies [22]. The antibodies used 

were fluorescein-isothiocyanate (FITC)-labeled goat 

anti-human IgG (Bio-Rad, Hercules, USA). The 

serological test was performed as previously described 

[10,11]. C. pneumoniae-specific IgG in sera was first 

screened at 1:16, a dilution widely considered a marker 

for C. pneumoniae positivity [7,8,10,11,21,23-25]. If 

sera were reactive at 1:16, they were further tested at 

serial twofold dilutions (from 1:16 to 1:512) for IgG 

antibody titer determination. Chlamydial IgG titer of 

1:512 was considered indicative of acute or recent 

infection [7,23-27]. 

 

DNA extraction 

Nucleic acids from 200 µL of each nasopharyngeal 

sample were harvested according to a protocol specific 

for harvesting DNA from body fluids provided with the 

G-spin Total DNA Extraction Kit. DNA from Buffy 

coats was extracted by the same kit according to a 

procedure recommended by the manufacturer. DNA 

was eluted in a final volume of 50 µL of a buffer 

provided with the kit, aliquoted, and stored at -20°C 

until used. The amount of DNA was measured 

spectrophotometrically. 

 

PCR assay 

A nested PCR method targeting the C. pneumoniae 

gene CPn_0809, which encodes the species-specific 53-

kDa protein, was used for the detection of DNA in all 

clinical specimens collected. Primers used were those 

previously designed and published by Fukano [28]. 

Sequences of primers in the two amplification rounds 

as follows. Outer forward primer: 5′-ATG ATC GCG 

GTT TCT GTT GCC A-3′; outer reverse primer: 5′-
GAC CGA CGT TTT GTT GCA TCT C-3′; inner 

forward primer: 5′-TGT CCA AGC GGT GAA ACA 

AG-3′ and inner reverse primer: 5′-CAA CCG TGA 

CCC ATT TAC TG-3'. Each reaction mixture had a 

total volume of approximately 20 µL. The first (outer) 

amplification reaction contained 10 µL of 2x PCR 

master mix solution (i-MAX II; iNtRON 

Biotechnology) supplemented with DNA polymerase, 1 

µL (25 pmol) forward primer, 1 µL (25 pmol) reverse 

primer and 500 ng extracted DNA (1-4 µL). The total 

volume was completed to 20 µL by addition of 

nuclease-free water. The same components were used 

to prepare second (inner) amplification reaction, except 

that 2 µL from the first amplification step after PCR 

cycling was used instead of extracted DNA. PCR 

amplifications were performed according to previously 

described protocols [28]. For the outer amplification, 

cycling consisted of 30 seconds at 95°C followed by 40 

cycles of 1 minute at 95°C, 1 minute at 56°C, and 1 

minute at 72°C. The inner amplification cycling 

consisted of 30 seconds at 95°C followed by 40 cycles 

of 30 seconds at 94°C, 30 seconds at 56°C, and 1 minute 

at 72°C. In every PCR run, negative and positive 

controls were included; the negative control PCR 

mixture contained all components of the amplification 

mixture and distilled water instead of the extracted 

DNA. Heat-treated lysed C. pneumoniae served as a 

positive control. Amplification products were analyzed 

by agarose gel electrophoresis. Amplicon sizes 

produced in the first and second amplification rounds 

were 499 and 239 bp, respectively. 

 

Calculation of sensitivity and specificity of diagnostic 

methods and statistical analysis 

Data were analyzed using the Statistical Package for 

the Social Sciences (SPSS) software, version 14.0.1. 

The diagnostic sensitivity, specificity, positive 

predictive value (PPV), and negative predictive value 

(NPV) were calculated for MIF and nested-PCR using 

clinically diagnosed CAP cases with an indication of 

acute infection as the gold standard. The statistical 

analysis of the data obtained was determined using Chi-

square test. A probability value (p) of < 0.05 was 

considered statistically significant. 

 

Results 
Demographic and clinical profiles of enrolled subjects 

A total of 110 Jordanian individuals were enrolled 

as controls (67 males and 43 females; mean age 40.2 

years ± 14.5). The total number of hospitalized CAP 

patients was 80 (53 males and 27 females; mean age 

57.4 years ± 17.5). The difference between ages of CAP 

cases and controls was statistically significant (p = 

0.000). Table 1 demonstrates the demographic features 

of study subjects in addition to the major symptoms and 

clinical characteristics of patients at hospital admission. 

The frequency of cough and sputum production in 

patients was 92.5% and 77.5%, respectively. Fever was 

observed in about half of the CAP patients. 

Approximately 67% and 52% of patients had dyspnea 

and chest pain, respectively. Chest X-ray examination 

revealed new pulmonary infiltrates in 90% of CAP 

cases. 
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  Table 1. Demographic characteristics of study individuals and clinical features of Jordanian adults suffering from community-

acquired pneumonia (CAP) who were eligible for this study. 

 CAP group Control group P value* 

Age (years)    

Range 18-92 18-87 0.000 

Mean (± SD) 57.4 ± 17.5 40.2 ± 14.5 0.049 

Age groups (n; %)    

18–32 years 10 (12.5) 37 (33.6) 0.035 

33–48 years 14 (17.5) 47 (42.7) 0.817 

49–64 years 20 (25.0) 18 (16.4) 0.035 

≥ 65 years 36 (45.0) 8 (7.3)  

Gender (n; %)    

Male 53 (66.25) 67 (60.9) 0.201 

Female 27 (33.75) 43 (39.1) 0.000 

Symptoms (n; %)    

Fever (≥ 38°C) 43 (53.75)   

Cough 74 (92.5)   

Rigors 32 (40.0)   

Dyspnea 54 (67.5)   

Chest pain 42 (52.5)   

Chills 36 (45.0)   

Sputum production 62 (77.5)   

Radiographic findings (n; %)    

New infiltrate 72 (90.0)   

Normal 8 (10.0)   

Comorbidities (n; %)    

(COPD, asthma, heart failure) 27 (33.75)   

Antibiotic prior to admission (n; %) 31 (38.75)   
*Differences in positivity percentages between patients and controls were statistically significant when p < 0.05; COPD: chronic obstructive pulmonary disease 

 

 

 

Table 2. Age-specific prevalences of anti-C. pneumoniae IgG, determined at a  titer of 1:16, among Jordanian controls and 

community-acquired pneumonia (CAP) cases. 

Age group (years) 
Controls CAP patients 

P value* 
No. positive % No. positive % 

18–32 15/37 40.5 3/10 30.0 0.543 

33–48 32/47 68.1 9/14 64.3 0.790 

49–64 14/18 77.8 14/20 70.0 0.587 

≥ 65 7/8 87.5 30/36 83.3 0.771 

Total 68/110 61.8 56/80 70.0 0.242 
*Differences between positivity rates of patients and controls within the same age group were statistically significant when p < 0.05 

 

 

 

Table 3. Positive cases of C. pneumoniae confirmed by nested polymerase chain reaction (PCR) for nasopharyngeal and Buffy 

coat specimens for Jordanian adults suffering from community-acquired pneumonia (CAP) and control subjects. 

Specimen used No. and percentage of PCR-positive samples  

for PCR 
CAP  cases Controls P value* 

No. positive % positive No. positive % positive  

Nasopharyngeal swab 7 8.8 9 8.2 0.889 

Buffy coat 6 7.5 12 10.9 0.425 

Total 13 16.25 21 19.1 0.563 
*Differences in positivity percentages between patients and controls were statistically significant when p < 0.05 
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Overall seroprevalence of C. pneumoniae in controls 

and patient cases 

To initially determine the general seroprevalence of 

C. pneumoniae in patient and control groups enrolled in 

this study, existing or preexisting infections were 

screened by testing the IgG seropositivity at a cut-off 

value of 1:16. The overall seroprevalence of IgG 

antibody in healthy control individuals tested was 

61.8% (68/110). Noticeably, the antibody was detected 

in 56 out of 80 CAP patients, resulting in a higher 

overall prevalence (70%; p = 0.242). 

 

Age distribution of C. pneumoniae-seropositive cases 

The overall age-related seroprevalences of C. 

pneumoniae IgG, determined at a titer of 1:16, are 

summarized in Table 2. In the control cohort, the IgG 

seropositivity was the lowest (40.5%) in the 18-32 year 

age group and increased steadily in the subsequent age 

groups to reach a peak of 87.5% in the oldest controls. 

A comparable pattern of age-related seropositivities 

was noticed in CAP patients (Table 2). 

 

Analysis of C. pneumoniae endpoint titers in 

seropositive controls and patients 

To determine the endpoint titers of IgG (the highest 

positive dilutions) in sera, which were reactive at 1:16, 

serial twofold dilutions (1:16 to 1:512) were further 

tested by the serological assay. Distribution of IgG 

titers for C. pneumoniae in seropositive controls and 

patients is demonstrated in Figure 1. An IgG titer of 

1:512 was considered here as a sign of acute infection. 

Data shown in the figure demonstrate that acute 

infection was remarkably found in about a quarter 

(23.2%; 13/56) of the total number of seropositive CAP 

patients. Interestingly, only 8.8% (6/68) of acute 

infection prevalence was noticed among seropositive 

Table 4. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the 

microimmunofluorescence (MIF) assay and nested polymerase chain reaction (PCR) for determination of acute C. pneumoniae 

infections in patients suffering from community-acquired pneumonia (CAP) and requiring hospital admission. 

Assay Sensitivity Specificity PPV NPV 

 (%) (%) (%) (%) 

IgG MIF 16.25 94.55 68.42 60.82 

 (8.95–26.19) (88.5–97.96) (43.46–87.35) (53.07–68.18) 

PCR 15.00 81.82 37.50 56.96 

 (8.01–24.74) (73.32–88.52) (21.12–56.30) (48.86–64.80) 

Data are percentages (95% confidence intervals) 

 

 

Table 5. Distribution of nasopharyngeal and Buffy coat polymerase chain reaction (PCR)-positive patients and controls in 

correlation to microimmunofluorescence (MIF) findings. The PCR findings of nasopharyngeal and Buffy coat samples are 

combined. 

 No. and percentage of PCR-positive cases  

MIF titer CAP patients Controls P value* 

 No. examined No. positive % positive No. examined No. positive % positive  

Negative 24 1 4.2 42 10 23.8 0.039 

1:16–1:256 43 9 20.9 62 10 16.1 0.530 

≥ 512 13 2 15.4 6 0 0.0 0.310 

Total 80 12 15.0 110 20 18.2  
*Differences in positivity percentages between patients and controls were statistically significant when p < 0.05 

Figure 1. Distribution of endpoint titers of C. pneumoniae IgG 

antibody in sera of 56 community-acquired pneumonia (CAP) 

patients and 68 apparently healthy Jordanian adults that showed 

seropositivity by microimmunofluorescence (MIF) at 1:16. 

Acute C. pneumoniae infection, estimated at a cut-off value of 

1:512, was detected in 23.2% and 8.8% of the total seropositive 

CAP patients and controls, respectively. Light grey bars 

represent CAP cases, while dark grey ones indicate controls. 

Difference in prevalences of acute infection between patients and 

controls are statistically significant (p = 0.014).  
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controls. The difference in the prevalence of acute 

infection between seropositive patients and controls 

was statistically significant (p = 0.014).  

 

Overall seroprevalence of acute C. pneumoniae 

infection in the entire populations of controls and 

patients 

As shown above, analysis of endpoint titers in 

controls and patients, tested positive at a titer of 1:16, 

revealed significant elevation in the rate of acute 

infection in CAP cases. Here, the involvement of C. 

pneumoniae in CAP was further analyzed by estimating 

the overall prevalence of C. pneumoniae acute infection 

among all individuals included in both study cohorts. 

About 5.5% (6/110) of the control population had an 

IgG titer of 1:512. Intriguingly, 16.3% (13/80) of CAP 

cases had high IgG titers, indicative of acute chlamydial 

infection. The difference in detection rates of acute 

infection in CAP patients and the control group was 

statistically significant (p = 0.036). Collectively, the 

cut-off value of 1:512 suggests a role of C. pneumoniae 

in the etiology of CAP in Jordan.  

Interestingly, the cut-off value 1:512 used here to 

indicate acute infection seems to correlate with clinical 

and respiratory symptoms reported for all CAP cases 

(Table 1). Percentages of CAP patients, who were 

seropositive at 1:512, with either fever, rigors, dyspnea, 

chest pain, chills, or sputum production were 84.6%, 

61.5%, 84.6%, 61.5%, 53.8%, and 100%, respectively. 

These percentages were higher than those reported for 

the entire population of CAP cases (Table 1). The 

percentage of CAP patients who had positivity at 1:512 

and cough was high (92.3%) and comparable to that 

reported in Table 1 for the general CAP population. 

These findings may support the credibility of MIF and, 

specifically, the use of 1:512 cut-off value in 

determination of C. pneumoniae acute infection. 

 

Prevalence of C. pneumoniae determined by PCR 

Specimens collected from the nasopharynxes and 

blood of the study subjects were investigated for the 

presence of C. pneumoniae DNA using nested PCR. 

Nine (8.2%) and 12 (10.9%) of the 110 control 

individuals showed positive PCR results in 

nasopharyngeal and Buffy coat specimens, respectively 

(Table 3), whereas chlamydial DNA was detected in 

seven (about 8.8%) nasopharyngeal samples and six 

(7.5%) Buffy coats from patients suffering from CAP 

(Table 3). The slightly elevated level of PCR positivity 

shown in nasopharyngeal swabs from CAP patients is 

not significant when compared to that of control 

subjects (p = 0.889). The detection rate of chlamydial 

DNA in Buffy coats from CAP cases was less than that 

in Buffy coats from control subjects. Of note, only one 

individual from each of the study groups was C. 

pneumoniae DNA positive in both nasopharyngeal and 

Buffy coat specimens. 

 

Comparison between PCR and MIF for assessment of 

C. pneumoniae acute infection and correlation of MIF 

and PCR results 

Using clinically defined CAP cases as the gold 

standard, sensitivities, specificities, PPV, and NPV of 

used assays were calculated for diagnosis of acute C. 

pneumoniae infections. A total of 12 CAP cases out of 

80 had the pathogen DNA in one or both types of 

clinical samples collected, whereas 13 cases had 

serological results indicative of acute infection. As 

summarized in Table 4, sensitivities for both assays 

were low and comparable (16.25% and 15.00% for MIF 

and PCR, respectively). However, higher specificity 

was observed for MIF compared to that for PCR 

(94.55% and 81.82%, respectively). In addition, the 

MIF test had much higher PPV (68.42%) than did PCR 

(37.50%). The NPV for MIF was 60.82%, a slightly 

higher value than that for PCR (56.96%) (Table 4). The 

distribution of PCR-positive subjects based on their 

serological distribution is depicted in Table 5. Only one 

(4.2%) PCR-positive CAP patient was seronegative in 

MIF. Unexpectedly, 10 (23.8%) out of 42 control 

individuals with negative sera were found to be positive 

by PCR. Percentages of 20.9% and 16.1% of CAP cases 

and control individuals, respectively, who had moderate 

Chlamydia IgG titers (1:16–1:256), were found to be 

positive by PCR. None of the control subject who had 

an IgG titer of 1:512 were positive by PCR. In 

comparison, 2 (15.4%) out of 13 CAP cases with sera 

positive at a titer of 1:512 were reactive in PCR (Table 

5). Taken together, the present data show no correlation 

of PCR with MIF findings. 

 

Discussion 
The present study utilized the MIF in conjunction 

with nested PCR assay to address the overall prevalence 

and the etiologic role of C. pneumoniae in CAP in adult 

Jordanian nationals. Using a cut-off titer of 1:16, a 

higher overall seropositivity of C. pneumoniae IgG was 

found in CAP patients compared with healthy controls. 

The IgG seropositivity in Jordanian CAP patients is 

considered one of the highest compared to rates 

reported previously for adult CAP populations in many 

regions of the world, which ranged from 50% to 70% 

[16,29-32]. On the other hand, the rate of IgG detection 

in apparently healthy controls estimated here is 
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analogous to overall C. pneumoniae seroprevalence 

previously recorded in healthy Jordanian adults [10,11]. 

Epidemiological reports proposed controversial 

diagnostic criteria for acute infection with C. 

pneumoniae. Using single serum sample, a chlamydial 

IgM titer of ≥ 1:16 [21], IgG ≥ 1:256 [8] or more 

frequently ≥ 1:512 [7,23-27,33] were defined as 

evidence for acute infection. However, the Centers for 

Disease Control and Prevention (CDC) in the United 

States and Canada have recommended the use of paired 

serum samples to detect a fourfold increase in the IgG 

titer as a diagnostic criterion for acute infection [21]. 

The second (convalescent) serum sample should be 

obtained within four to six weeks to detect rises in IgG 

level. Based on a single serum sample, CDC considered 

an IgG titer of ≥ 1:512 suggestive of possible acute 

infection [21]. Obtaining a second serum sample was 

technically not possible and remained a major challenge 

during this study. Nonetheless, serodiagnosis of acute 

C. pneumoniae infection based on a single serum 

sample seems to be more realistic, as decisions of 

treatment of chlamydial infections are based often on a 

single serum sample and the convalescent serum is 

useful in only a retrospective diagnosis [14,27].  

C. pneumoniae has consistently been recognized as 

a common cause of CAP. Between 1% and 22% of CAP 

cases have been attributed to this pathogen [13-

16,18,34]. Clearly, frequency of acute infection 

(obtained here based on MIF) among CAP patients 

correlates well with available epidemiological data. 

Remarkably, the overall prevalence of acute infections 

assessed in CAP cases was significantly threefold 

higher than that in the control group. This detection rate 

in controls may be due to the asymptomatic course of 

either primary infections or reinfections with C. 

pneumoniae. Moreover, acute infection with C. 

pneumoniae was found in approximately a quarter of 

the total number of seropositive CAP cases, compared 

with 8.8% among seropositive controls. It is noteworthy 

to mention that the vast majority of studies on the 

epidemiology of CAP due to C. pneumoniae had no 

control subjects. This is extremely confusing, as the 

significance of the seroprevalences of patient groups 

reported in those studies cannot be known. Overall, 

MIF results may provide evidence of the role of C. 

pneumoniae of CAP in Jordan. 

In Jordan, few investigations with no control groups 

attempted to link C. pneumoniae with CAP. The 

percentages of CAP cases with C. pneumoniae infection 

in these reports ranged from 0% to 23%, as assessed by 

PCR or IgM level determination [19,20]. Here, the 

prevalence of C. pneumoniae acute infection in 

Jordanian CAP cases was 16.3%. This high degree of 

heterogeneity in the detection rates of Chlamydia in 

Jordan can be explained by variations in clinical 

samples examined, size of the population studied, ages 

of population subjects, and inconsistencies of the 

diagnostic methods.  

PCR and bacterial culturing are the second most 

widely used techniques for C. pneumoniae screening 

after MIF. The PCR technique is basically used to 

rapidly recognize the pathogen in various clinical 

specimens [2,14,21]. The nested PCR used here was 

previously shown to be the most sensitive assay that led 

to chlamydial DNA detection in 23.4% of peripheral 

blood mononuclear cell (PBMC) specimens collected 

from healthy blood donors, compared with four other 

PCR assays [28]. In this report, however, this assay was 

able to detect C. pneumoniae DNA in only about 11% 

and 8% of harvested Buffy coats obtained from controls 

and CAP cases, respectively. These contradicting 

results between the present study and the previous one 

[28] may be related to variations in study subjects, 

geographic locations, sample processing, and DNA 

extraction methods. Further, Fukano [28] utilized 

purified PBMCs, while this study included Buffy coat 

samples that are rich with blood nucleated cells. These 

nucleated cells are usually utilized by C. pneumoniae as 

vehicles for its dissemination from the lungs to non-

pulmonary tissues [35]. Other reports used various PCR 

methods to analyze the presence of C. pneumoniae 

DNA in PBMCs of healthy subjects and showed 

variable detection rates that exceeded 45% [5,36-38]. 

However, two reports showed that PBMCs were C. 

pneumoniae DNA positive only in the minority of 

patients with acute respiratory tract infections [39,40]. 

Here, PCR findings failed to correlate C. pneumoniae 

with CAP. The present PCR data, along with those 

reported before [39,40], strongly suggest that blood-

based PCR is not a suitable diagnostic tool for 

respiratory tract infections caused by C. pneumoniae. 

Similarly, PCR-based analysis of chlamydial 

nucleic acids in respiratory clinical samples led to 

conflicting results with regard to the role of C. 

pneumoniae and respiratory diseases. In investigations 

without controls, C. pneumoniae DNA was found in 5% 

to 26% of patients diagnosed with acute respiratory 

infections such as CAP or bronchitis [20,39,41,42]. 

Miyashita and colleagues found that 8% of patients with 

acute respiratory disease had DNA in their respiratory 

samples, compared with 3% of asymptomatic controls 

[40]. In contrast, other studies that did not include 

controls demonstrated DNA prevalences ranging from 

0 to 0.9% in CAP patients, suggesting no role or a minor 
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role of C. pneumoniae in the etiology of this disease 

[16,43,44]. Consistently, Liu et al. [45] showed an 

apparent low detection rate of the pathogen DNA in 

CAP patients (3.5%), which was almost similar to that 

obtained in asymptomatic controls (2.1%). Our findings 

are in agreement with previous data that were unable to 

lend support for the role of C. pneumoniae in acute 

respiratory infections based on PCR. In general, 

reported variations in chlamydial DNA prevalence in 

respiratory samples may be related to the use of 

different PCR assays, specimens, protocols for 

specimen collection and processing and DNA 

extraction methods. Unexpectedly, the percentage of 

controls with positive PCR results was higher than that 

of CAP patients. This finding could be an 

overestimation due to the problems with contamination 

that may be impossible to avoid in nested PCR assays 

[2,14,21].  

We further evaluated the MIF assay and PCR for 

the detection of acute C. pneumoniae respiratory 

infection by determining their sensitivity, specificity, 

PPV, and NPV. These values calculated for MIF were 

discouraging, although its specificity was high. Even 

more disappointing findings were observed for the PCR 

test, whose sensitivity, specificity, PPV, and NPV were 

shown to be lower than those for MIF. These 

calculations make diagnostic value of the used PCR 

assay questionable; therefore, it is not recommended as 

a tool to analyze the etiologic role of C. pneumoniae in 

CAP. However, several in-house PCR assays have 

recently shown a high sensitivity and specificity in 

addition to rapidity and have been recommended for use 

to diagnose acute C. pneumoniae infections in 

respiratory systems [46-48]. Some researchers 

considered PCR, especially real-time assays, to hold 

more promise for diagnosis and may offer advantages 

over conventional culture and serology [13,46,47]. In 

this report, the diagnostic utility of nested PCR may be 

hampered by several limitations like the lack of 

adequate validation. It may be also influenced by the 

type of clinical sample, protocols for specimen 

collection and processing and DNA extraction methods. 

Another general drawback of nested PCR tests is that 

they involve significant problems with contamination 

that may be impossible to avoid, resulting in an 

overestimation of C. pneumoniae-infected cases 

[2,14,21] and, subsequently, in misleading analytical 

calculations of sensitivity and other values. This 

contamination may have occurred, at least in part, in the 

10 PCR-positive controls with no serological evidence 

of infection (Table 5). Another factor that may have 

affected analytical calculations of nested PCR is the 

clearance of the bacterium by the use of antibiotics, 

which might have decreased chances of detection of the 

chlamydial DNA in CAP patients. 

Findings of our study indicate that MIF is not an 

entirely satisfactory serological assay for defining acute 

C. pneumoniae respiratory infection. Despite relative 

higher specificity, PPV, and NPV, MIF showed low 

sensitivity (about 16%) that was comparable to that of 

nested PCR. This study is consistent with previous 

ones, which demonstrated unconvincing diagnostic 

utility of IgG-detecting MIF in defining CAP cases 

caused by C. pneumoniae. This can be attributed to 

several limitations of this assay. MIF results may be 

affected by the antigen preparation used and variations 

between in-house MIF and commercially available 

validated ones [21,49]. Other drawbacks of the test 

include technical complexity, subjective endpoints, the 

lack of standardized reagents, the timing of serum 

samples, and the high rate of IgG seropositivity in some 

populations [14,21,46,49], including a Jordanian one 

[11]. More importantly, MIF was found to lack 

specificity during acute infection due to cross-reactivity 

[49].  

It is clear that PCR findings of this study have no 

agreement with those of MIF, analogous to previously 

published reports [14,16,49]. We believe that the 

drawbacks of both tests may significantly contribute to 

the lack of correlation. Besides, the negative PCR 

results in some MIF-positive individuals may be due to 

low numbers of chlamydial genome copies in the 

clinical samples. Further, some MIF-negative, DNA-

positive controls may serve as carriers of the pathogen 

or have subclinical infections [50]. It could be also 

possible that some IgG-negative patients, who were 

PCR-positive, might have contracted a primary C. 

pneumoniae infection when enrolled in this study and 

might require longer period of time until they could 

generate MIF-detectable IgG antibodies. 

 

Conclusions 
This case-control study showed that C. pneumoniae 

is common among Jordanian adults and examined the 

role of C. pneumoniae in CAP in Jordanian adults. 

Although the present IgG-based MIF findings are in 

favor of the presence of an association between C. 

pneumoniae and CAP in Jordan, they remain, however, 

not fully conclusive because of significant drawbacks 

of utilized MIF. Therefore, further investigations are 

necessary to elucidate the etiology of C. pneumoniae in 

CAP in Jordanian nationals. On the basis of previous 

findings [41,46,47], reliable, and sensitive diagnostic 

tests such as validated real-time PCR alone or combined 
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with specific IgM-detecting method should be used to 

define cases of acute respiratory C. pneumoniae 

infection. Importantly, C. pneumoniae can be found in 

association with other CAP etiologic agents such as 

Streptococcus pneumoniae and Mycoplasma 

pneumoniae [13]. Thus, a comparative analysis of co-

infections with C. pneumoniae and other 

microorganisms is required to evaluate the role of C. 

pneumoniae more precisely. 

 
Acknowledgements 
We would like to thank lab technicians and intern doctors at 

the Department of Respiratory Diseases, the University of 

Jordan Hospital, especially Amer Al-Smadi, Walid 

Abumazen and Mohab Al-Shobaki for their help in specimen 

collection. We also thank Robin Al-Zar'ae for performing 

statistical analysis. The work was funded by a grant from the 

Deanship of Academic Research, the University of Jordan, 

Amman, Jordan.  

 
References 
1. Moulder JW (1985) Comparative biology of intracellular 

parasitism. Microbiol Rev 49: 298-337.  

2. Blasi F, Tarsia P, Alibertis S (2009) Chlamydophila 

pneumoniae. Clin Microbiol Infect 15: 29-35. 

3. Grayston JT, Kuo CC, Wang SP, Altman J (1986) A new 

Chlamydia psittaci strain, TWAR, isolated in acute respiratory 

tract infections. N Engl J Med 315: 161-168. 

4. Hammond CJ, Hallock LR, Howanski RJ, Appelt DM, Little 

CS, Balin BJ (2010) Immunohistological detection of 

Chlamydia pneumoniae in the Alzheimer's disease brain. BMC 

Neurosci 11: 121. 

5. Sessa R, Nicoletti M, Di Pietro M, Schiavoni G, Santino I, 

Zagaglia C, Del Piano M, Cipriani P (2009) Chlamydia 

pneumoniae and atherosclerosis: current state and future 

prospectives. Int J Immunopathol Pharmacol 22: 9-14. 

6. Aldous MB, Grayston JT, Wang SP, Foy HM (1992) 

Seroepidemiology of Chlamydia pneumoniae TWAR infection 

in Seattle families, 1966-1979. J Infect Dis 166: 646-649. 

7. Hyman CL, Roblin PM, Gaydos CA, Quinn TC, Schachter J, 

Hammerschlag MR (1995) Prevalence of asymptomatic 

nasopharyngeal carriage of Chlamydia pneumoniae in 

subjectively healthy adults: assessment by polymerase chain 

reaction-enzyme immunoassay and culture. Clin Infect Dis 20: 

1174-1178. 

8. Lin TM, Kuo CC, Chen W J, Lin FJ, Eng HL (2004) 

Seroprevalence of Chlamydia pneumoniae infection in 

Taiwan. J Infect 48: 91-95. 

9. Miyashita N, Fukano H, Yoshida K, Niki Y, Matsushima T 

(2002) In vitro activity of moxifloxacin and other 

fluoroquinolones against Chlamydia species. J Infect 

Chemother 8: 115-117. 

10. Al-Younes HM (2009) Seroprevalence of Chlamydia 

pneumoniae in male adults in Jordan. Dirasat 36: 1-6.  

11. Al-Younes HM (2014) High prevalence of Chlamydia 

pneumoniae infection in an asymptomatic Jordanian 

population. J Microbiol Immunol Infect 47: 412-417.  

12. Pakhale S, Mulpuru S, Verheij TJ, Kochen MM, Rohde GG, 

Bjerre LM (2014) Antibiotics for community-acquired 

pneumonia in adult outpatients. Cochrane Database Syst Rev 

10: CD002109.  

13. Blasi F (2004) Atypical pathogens and respiratory tract 

infections. Eur Respir J 24: 171-181. 

14. Kumar S, Hammerschlag MR (2007) Acute respiratory 

infection due to Chlamydia pneumoniae: current status of 

diagnostic methods. Clin Infect Dis 44: 568-576. 

15. Waltanathum A, Boonyongunchai P, Palwatwhichai A, 

Limpairojn N, Chanbancherd P, Chanthadisai N (2001) 

Chlamydia pneumoniae in community-acquired pneumonia. J 

Med Assoc Thai 84: 69-74. 

16. Wellinghausen N, Straube E, Freidank H, Baum HV, Marre R, 

Essig A (2006) Low prevalence of Chlamydia pneumoniae in 

adults with community-acquired pneumonia. Int J Med 

Microbiol 296: 485-491. 

17. Wubbel L, Muniz L, Ahmed A, Trujillo M, Carubelli C, 

McCoig C, Abramo T, Leinonen M, McCracken GH (1999) 

Etiology and treatment of community-acquired pneumonia in 

ambulatory children. Pediat Infect Dis J 18: 98-104. 

18. González-Castillo J, Martín-Sánchez FJ, Llinares P, Menéndez 

R, Mujal A, Navas E, Barberán J (2014) Guidelines for the 

management of community-acquired pneumonia in the elderly 

patient. Revis Espan Quim 27: 69-86. 

19. Al-Ali MK, Batchoun RG, Al-Nour TM (2006) Etiology of 

community-acquired pneumonia in hospitalized patients in 

Jordan. Saud Med J 27: 813-816.  

20. Kaplan NM, Dove W, Abd-Eldayem SA, Abu-Zeid AF, 

Shamoon HE, Hart CA (2008) Molecular epidemiology and 

disease severity of respiratory syncytial virus in relation to 

other potential pathogens in children hospitalized with acute 

respiratory infection in Jordan. J Med Virol 80: 168-174. 

21. Dowell SF, Peeling RW, Boman J, Carlone GM, Field BS, 

Guarner J, Hammerschlag MR, Jackson LA, Kuo CC, Maass 

M, Messmer TO, Talkington DF, Tondella ML, Zaki SR, C. 

pneumoniae workshop participants (2001) Standardizing 

Chlamydia pneumoniae assays: recommendations from the 

centers for Disease Control and Prevention (USA) and the 

Laboratory Centre for Disease Control (Canada). Clin Infect 

Dis 33: 492-503. 

22. Wang S (2000) The microimmunofluorescence test for 

Chlamydia pneumoniae infection: technique and 

interpretation. J Infect Dis 181: S421-S425. 

23. Grayston JT, Campbell LA, Kuo CC, Mordhorst CD, Saikku 

P, Thom H, Wang SP (1990) A new respiratory tract pathogen: 

Chlamydia pneumoniae strain TWAR. J Infect Dis 161: 618-

625. 

24. Kern DG, Neill MA, Schachter JA (1993) seroepidemiologic 

study of Chlamydia pneumoniae in Rhode Island. Evidence of 

serologic cross-reactivity. Chest 104: 208-213. 

25. Koh WP, Taylor MB, Hughes K, Chew SK, Fong CW, Phoon 

MC, Kang KL, Chow VT (2002) Seroprevalence of IgG 

antibodies against Chlamydia pneumoniae in Chinese, Malays 

and Asian Indians in Singapore. Int J Epidemiol 31: 1001-

1007. 

26. Choi TY, Kim DA, Kim SK, Kang JO, Park SS, Jung SR 

(1998) Prevalence of specific antibodies to Chlamydia 

pneumoniae in Korea. J Clin Microbiol 36: 3426-3428. 

27. Gaydos CA, Roblin PM, Hammerschlag MR, Hyman CL, 

Eiden JJ, Schachter J, Quinn TC (1994) Diagnostic utility of 

PCR-enzyme immunoassay, culture, and serology for detection 

of Chlamydia pneumoniae in symptomatic and asymptomatic 

patients. J Clin Microbiol 32: 903-905. 



Al-Aydie et al. – C. pneumoniae is associated with CAP in Jordan     J Infect Dev Ctries 2016; 10(3):227-236. 

236 

28. Fukano H (2004) Comparison of five PCR assays for detecting 

Chlamydophila pneumoniae DNA. Microbiol Immunol 48: 

441-448. 

29. Charles PG, Whitby M, Fuller AJ, Stirling R, Wright AA, 

Korman TM, Holmes PW, Christiansen KJ, Waterer GW, 

Pierce RJ, Mayall BC, Armstrong JG, Catton MG, Nimmo GR, 

Johnson B, Hooy M, Grayson ML, Australian CAP Study 

Collaboration (2008) The etiology of community-acquired 

pneumonia in Australia: why penicillin plus doxycycline or a 

macrolide is the most appropriate therapy. Clin Infect Dis 46: 

1513-1521.  

30. Chedid MB, Chedid MF, Ilha DO, Bozzetti MC, Chaves L, 

Griza D, Dalcin PR (2007) Community-acquired pneumonia 

by Chlamydophila pneumoniae: a clinical and incidence study 

in Brazil. Braz J Infect Dis 11: 75-82. 

31. Kanamoto Y, Ouchi K, Mizui M, Ushio M, Usui T (1991) 

Prevalence of antibody to Chlamydia pneumoniae TWAR in 

Japan. J Clin Microbiol 29: 816-818. 

32. Persson K (1990) Epidemiological and clinical aspects on 

infections due to Chlamydia pneumoniae (strain TWAR). 

Scand J Infect Dis 69: 63-67.  

33. Kuo CC, Jackson LA, Campbell LA, Grayston JT (1995) 

Chlamydia pneumoniae (TWAR). Clin Microbiol Rev 8: 451-

461. 

34. Macfarlane J, Holmes W, Gard P, Macfarlane R, Rose D, 

Weston V, Leinonen M, Saikku P, Myint S (2001) Prospective 

study of the incidence, aetiology and outcome of adult lower 

respiratory tract illness in the community. Thorax 56: 109-114. 

35. Rupp J, Koch M, van Zandbergen G, Solbach W, Brandt E, 

Maass M (2005) Transmission of Chlamydia pneumoniae 

infection from blood monocytes to vascular cells in a novel 

transendothelial migration model. FEMS Microbiol Lett 242: 

203-208. 

36. Bodetti TJ, Timms P (2000) Detection of Chlamydia 

pneumoniae DNA and antigen in the circulating mononuclear 

cell fractions of humans and koalas. Infect Immun 68: 2744-

2747. 

37. Boman J, Söderberg S, Forsberg J, Birgander LS, Allard A, 

Persson K, Jidell E, Kumlin U, Juto P, Waldenström A, Wadell 

G (1998) High prevalence of Chlamydia pneumoniae DNA in 

peripheral blood mononuclear cells in patients with 

cardiovascular disease and in middle-aged blood donors. J 

Infect Dis 178: 274-277. 

38. Haranaga S, Yamaguchi H, Friedman H, Izumi S, Yamamoto 

Y (2001) Chlamydia pneumoniae infects and multiplies in 

lymphocytes in vitro. Infect Immun 69: 7753-7759. 

39. Apfalter P, Boman J, Nehr M, Hienerth H, Makristathis A, 

Pauer J, Thalhammer F, Willinger B, Rotter ML, Hirschl AM 

(2001) Application of blood-based polymerase chain reaction 

for detection of Chlamydia pneumoniae in acute respiratory 

tract infections. Eur J Clin Microbiol Infect Dis 20: 584-586. 

40. Miyashita N, Obase Y, Fukuda M, Shouji H, Yoshida K, Ouchi 

K, Oka M (2007) Evaluation of the diagnostic usefulness of 

real-time PCR for detection of Chlamydophila pneumoniae in 

acute respiratory infections. J Infect Chemother 13: 183-187. 

41. Hvidsten D, Halvorsen DS, Berdal BP, Gutteberg TJ (2009) 

Chlamydophila pneumoniae diagnostics: importance of 

methodology in relation to timing of sampling. Clin Microbiol 

Infect 15: 42-49. 

42. Chen ZW, Wang Y, Yan Y, Zhu H, Shao X, Xu J (2013) 

Epidemiology and associations with climatic conditions of 

Mycoplasma pneumoniae and Chlamydophila pneumoniae 

infections among Chinese children hospitalized with acute 

respiratory infections. Ital J Pediat 39: 34. 

43. Cho MC, Kim H, An D, Lee M, Noh SA, Kim MN, Chong YP, 

Woo JH (2012) Comparison of sputum and nasopharyngeal 

swab specimens for molecular diagnosis of Mycoplasma 

pneumoniae, Chlamydophila pneumoniae, and Legionella 

pneumophila. Ann Lab Med 32: 133-138. 

44. Numazaki K, Chiba S, Umetsu M, Tanaka T, Yoshimura H, 

Kuniya Y, Miura J, Adachi N, Ukae S, Mori T, Ueda D, 

Hotsubo T, Sato T (2004) Etiological agents of lower 

respiratory tract infections in Japanese children. In Vivo 18: 

67-71. 

45. Liu G, Talkington DF, Fields BS, Levine OS, Yang Y, 

Tondella ML (2005) Chlamydia pneumoniae and Mycoplasma 

pneumoniae in young children from China with community-

acquired pneumonia. Diagnos Microbiol Infect Dis 52: 7-14. 

46. Benitez AJ, Thurman KA, Diaz MH, Conklin L, Kendig NE, 

Winchell JM (2012) Comparison of real-time PCR and a 

microimmunofluorescence serological assay for detection of 

chlamydophila pneumoniae infection in an outbreak 

investigation. J Clin Microbiol 50: 151-153. 

47. Conklin L, Adjemian J, Loo J, Mandal S, Davis C, Parks S, 

Parsons T, McDonough B, Partida J, Thurman K, Diaz MH, 

Benitez A, Pondo T, Whitney CG, Winchell JM, Kendig N, 

Van Beneden C (2013) Investigation of a Chlamydia 

pneumoniae outbreak in a Federal correctional facility in 

Texas. Clin Infect Dis 57: 639-647.  

48. Sueur JM, Beaumont K, Cabioch T, Orfila J, Betsou F (2006) 

Diagnostic value of an ELISA using a recombinant 54-kDa 

species-specific protein from Chlamydia pneumoniae. Clin 

Microbiol Infect 12: 470-477. 

49. Villegas E, Sorlózano A, Gutiérrez J (2010) Serological 

diagnosis of Chlamydia pneumoniae infection: limitations and 

perspectives. J Med Microbiol 59: 1267-1274. 

50. Hammerschlag MR (2003) Advances in the management of 

Chlamydia pneumoniae infections. Exp Rev Anti Infect Ther 

1: 493-503. 

 
Corresponding author 
Dr. Hesham M Al-Younes 

Department of Biological Sciences, Faculty of Science 

The University of Jordan 

Amman, 11942 Jordan 

Phone: +962 6 5355 000, extension 22201 

Fax: +962-6-5348 932 

Email: alyounes@ju.edu.jo 

 

Conflict of interests: No conflict of interests is declared.

 


	Introduction
	Methodology
	Study subjects
	Data collection and clinical information
	Sample collection and transport
	Antigen preparation
	Serological assay
	DNA extraction
	PCR assay
	Calculation of sensitivity and specificity of diagnostic methods and statistical analysis

	Results
	Demographic and clinical profiles of enrolled subjects
	Overall seroprevalence of C. pneumoniae in controls and patient cases
	Age distribution of C. pneumoniae-seropositive cases
	Analysis of C. pneumoniae endpoint titers in seropositive controls and patients
	Overall seroprevalence of acute C. pneumoniae infection in the entire populations of controls and patients
	Prevalence of C. pneumoniae determined by PCR
	Comparison between PCR and MIF for assessment of C. pneumoniae acute infection and correlation of MIF and PCR results

	Discussion
	Conclusions
	Acknowledgements
	References
	Corresponding author


