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Abstract
Objective : Pathogen identification is critical for antibiotic selection in suppurative otitis media. However,
causative pathogen determination from suppurative specimens of the middle ear is challenging. The
current study investigated the utility of HIRA-TAN defining the causative pathogen in chronic suppurative
otitis media based on the cycle-threshold difference between the targeted pathogen and the single-copy
human gene by quantitative PCR.
Results : Thirty-nine patients were recruited to the study, and the otorrhea was swab-collected and
subjected to bacterial culture and HIRA-TAN which the cycle-threshold cut-off was determined using
receiver operating characteristic curves. A total of 35.9% of samples were positive for bacterial culture; P.
aeruginosa , K. pneumoniae , P. mirabilis, and M. morganii. While B. fragilis , A. baumanii , M. catarrhalis ,
and E. coli were not identified by culture though high cycle-threshold values were obtained suggesting the
inability of the culture system in detecting some pathogens. Our results indicate that HIRA-TAN is a
potential diagnostic tool in suppurative otitis media and warrant more extensive studies.
Keywords: suppurative otitis media, pathogen, real-time polymerase chain reaction, molecular diagnostics

Introduction
Chronic suppurative otitis media (CSOM) is a persistent infection of the middle ear associated with a
perforated tympanic membrane resulting in ear discharge for more than six weeks [1]. The morbidity in
children is high in many countries including Indonesia. Affected children often lose hearing capability [2],
resulting in poor academic performances [1]. Early diagnosis, eradication of infection, and prevention of
recurrence are warranted for effective control.
Identification of the causative pathogens is essential for treatment strategies. However, accurate
identification is challenging owing to colonizing bacterial contamination and bacterial culture difficulty
from suppurative specimens. Consequently, antibiotics misuse and disease recurrence are frequent [3, 4]
and additional techniques that can exclude the colonizing pathogens is required to define the causative
pathogens. Human cell-controlled identification of the respiratory agent (HIRA-TAN method) is a
technique that utilizes the battlefield hypothesis [5] for accurate pathogen identification. According to the
battlefield hypothesis, the ratio of causative pathogen cells to human cells in a purulent sample is
considered as an indicator for the discrimination of the causative pathogen from the colonizing
organisms. A pathogen with a high ratio indicates a higher number of pathogen cells to inflammatory
cells, which suggests that it is likely to be the causative pathogen. HIRA-TAN has been successfully used
to differentiate the causative pathogen from commensal organisms in the untreated CommunityAcquired Pneumonia (CAP) and progressive course pneumonia [6, 7].
CSOM is a chronic inflammation where the number of pathogen cells and human inflammatory cells are
in a balance—neither the pathogen overwhelms the inflammatory cells, nor the inflammatory cells
dominate the pathogens. Therefore, the ratio of pathogen cells to human cells would be in a specific
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range, and the HIRA-TAN approach might be applicable for CSOM diagnosis. However, the technique
should be validated before adopting it to the clinic. In the current study, we examined the utility of the
HIRA-TAN method for pathogen identification that cause CSOM.

Main Text
Methods
Specimen collection
Samples were collected at the Dr. Zainoel Abidin Hospital between December 2016 and January 2017.
The study recruited adult and children participants who had persistent and recurrent mucopurulent
otorrhea for more than two months with a perforated tympanic membrane(s). Participants under 16 years
old were seated in the examination chair accompanied by the parents. The ear canal was cleansed, and
the otorrhea was swab-collected under otoscopic guidance. The samples were processed for bacterial
culture and HIRA-TAN assay. Audiometry was performed to confirm hearing impairment.

HIRA-TAN method
Primers and fluorescent probes (Supplementary Table 1) were designed for common pathogens reported
such as Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pneumoniae, Haemophilus

influenzae, Moraxella catarrhalis, Escherichia coli, Klebsiella spp., Bacteroides spp., and Proteus spp. [8, 9]
based on the genome sequences obtained from the National Centre for Biotechnology Information (NCBI)
nucleotide database. A pair of primer and a fluorescent-labeled probe reflect a target detection. Sixteen
targets were able differentiate five genera (Pseudomonas spp., Enterobacter spp., Staphylococcus spp.,
Streptococcus spp., and Proteus spp.), nine species (P. aeruginosa, E. coli, S. aureus, S. pneumoniae, K.
pneumoniae, A. baumanii, H. influenza, M. catarrhalis, and B. fragilis),, a methicillin resistance gene
(mecA),, and a human tumor necrosis factor gene (TNF).. DNA extraction and real time PCR setting
(Supplementary Table 2) were similar performed from previous study.[7]

Semi-quantitative determination of pathogen and human cell
numbers
The copy number of a pathogen-specific gene represents the number of bacterial cells and a humanspecific gene represents the number of human cells. Thus, the number ratio of pathogen cells to human
cells, ∆CtPathogen was determined using the following equation.
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Where, CtPathogen is the cycle-threshold for the pathogen-specific gene and CtHuman is the cyclethreshold for the human-specific gene. Based on the battlefield hypothesis, pathogens with a
∆CtPathogen over the cut-off value overpower the human inflammatory cells in numbers thus the likely
causative pathogens can be deduced.
In the current study, the TNF gene was used as a human-specific gene and the ∆CtPathogen cut-off value
was determined by a receiver operating characteristic (ROC) curve analysis. Cycle-threshold (Ct) values
were obtained from 4-fold serial dilutions of genomic DNA. The Ct values were plotted against the log of
the copy number of genomic DNA, and a linear regression equation was obtained.

Statistical analyses
All analyses were performed using EZR on R 3.3.1 and R commander 2.3–0 [10].

Results
Clinical characteristics
Thirty-nine patients (mean age = 32 years) (1.7–62) were enrolled in the study. Twenty-nine were adults (>
20-year-old), and 10 were children. The symptoms reported were ear discharge (100%), hearing problems
(69.2%), ear pain (61.5%), ear itching (64.1%), and fever (33.3%). Adults (24/29 patients) had a
significantly higher rate of hearing impairment than children (3/10 patients; Table 1).

HIRA-TAN
For determining whether HIRA-TAN can be used to identify the causative pathogen, we performed a realtime PCR analysis for all 16 targets (15 targets were for pathogen genes and one for the human gene)
and plotted the ∆CtPathogen values (Figure 1). Samples were also subjected to bacterial culture, and
positive results were obtained in 14 patients (36%). Cultured bacteria included P. aeruginosa, K.

pneumoniae, P. mirabilis, and M. morganii (Black dots in Figure 1; Supplementary Table 3). Samples
positive for culture (black dots) showed a high ∆CtPathogen. However, some samples negative for
culture (white dots) showed similar ∆CtPathogenvalues. These samples were considered as false
negative culture results or samples in which most of the bacteria are not alive. We performed the ROC
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curve analysis in four pathogens that were detected by culture in at least one sample for determining the
∆CtPathogen cut-offfor identifying the causative pathogen (Figure 1, red lines). The ∆CtPathogen cutoff,sensitivity, and specificity values were as follows: P. aeruginosa: 3.33 (90%, 100%), K. pneumoniae:
1.71 (85%, 100%), and Proteus sp: 8.29 (90%, 100%) (Supplementary Figure 1). The ∆CtPathogen cut-off
for B. fragilis, A. baumanii, M. catarrhalis, and E. coli could not be determined, as they were not detected
by culture. The results indicated that HIRA-TAN picked up pathogens that are likely to be the causative
pathogen among the culture positives.

HIRA-TAN using copy number
Real-time PCR was able to determine the copy number of the targets in the samples semi-quantitatively.
Therefore, HIRA-TAN may be performed to determine copy numbers both human and pathogen genome.
Using the human genomic DNA and the genomic DNA from 10 pathogens, we plotted a standard curve
and performed HIRA-TAN analysis (Supplementary Figure 2). The results were not conclusive—culturepositive samples were not well discriminated from the culture-negative samples.

Discussion
Pathogens that were identified by bacterial culture showed a higher ∆CtPathogen value, suggesting that
HIRA-TAN may be used for causative pathogen identification. The patient age in the study population
showed a broad distribution, consistent with the reports that CSOM is a disease involving all age groups
[8, 9]. The rate of hearing impairment was higher in adults than in children. Repeated episodes of
infection and inadequate treatment during childhood have been associated with acquired hearing loss
[11, 12] Early and complete eradication of infection is critical for managing CSOM.
Our results reported that the most frequently isolated bacteria from CSOM samples are P. aeruginosa,
Proteus spp., and Klebsiella spp. are in line from earlier studies [13, 14].
The difference with other reports may be due to the difference in the study population or geography [15].
Our results are consistent with a previous study that reported that only a limited number of bacterial
species cause CSOM. Accordingly, many hospital laboratories screen only a small number of species
during routine tests[16]. Considering the number of the candidate species and consistency of our results
with the previous reports, HIRA-TAN may be an attractive approach for identifying the causative pathogen
of CSOM.

B. fragilis, A. baumanii, M. catarrhalis, and E. coli showed high ∆CtPathogen values. Nevertheless, they
were not detected by bacterial culture, and the ROC curve analysis could not be performed. The results of
PCR indicate that numerous bacteria are present in the specimen. It may be possible that many bacteria
were nonviable. It is known that DNA from nonviable bacteria does not persist for more than one day in
middle ear effusions [17]. Furthermore, the culture-sterile middle ear effusion has been suggested to be
viable and metabolically active [18]. Therefore, a positive HIRA-TAN result likely indicates viable but not
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culturable bacteria in the sample, which may be included as therapeutic targets. For improving pathogen
identification in CSOM, HIRA-TAN method may be alternative in addition to culture. Further investigation
is required to be implemented and the current study is a reasonable beginning.

Limitations
We recognized that the sample was small thus statistical analysis may be inadequate requiring
larger cohort to verify the sensitivity and specificity.
The culture-positive samples were not well discriminated from the culture-negative samples requiring
further investigation of the non-viability issue.
The pathogens above the 〖∆Ct〗_Pathogen cut-off and those that were culture-negative might also
be causative pathogens and requires further verification.

Abbreviations
CSOM: chronic suppurative otitis media; HIRA-TAN: human cell-controlled identification of the respiratory
agent from “TAN” (sputum in Japanese); CAP: community-acquired pneumonia; MRSA: methicillinresistant S. aureus; NCBI: national centre for biotechnology information Ct: cycle threshold; ROC: receiver
operating characteristic
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Tables
Table 1. Clinical characteristics
Signs & symptoms

Children (%)

Adult (%)

10 (100)

29 (100)

Ear pain

4 (40)

20 (68.9)

Itching

7 (70)

18 (62)

Fever

3 (30)

10 (34.4)

Hearing impairment*

3 (30)

24 (82.7)

Ear discharge

* Fisher's exact test, p<0.005

Figures

Figure 1
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HIRA-TAN test results The ∆〖Ct〗_Pathogen of bacterial detection by the HIRA-TAN method. The red line
indicates the cut-offs. (a) P. aeruginosa, (b) K. pneumoniae, (c) Proteus sp., (d) B. fragilis, (e) A. baumanii,
(f) M. catarrhalis, and (g) E. coli. Bacteria a–c were isolated from bacterial cultures, and the cut-off values
were calculated using ROC analysis, while d–g were not isolated, and the ROC cut-off values were not
calculated. Ct above 30 was eliminated.
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