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Abstract
A total of 255 NPS specimens were collected from every seventh of 
1786 children with meningitis (n = 293) and pneumonia (n = 1493). 
One hundred and twenty one (47.5%) H. influenzae were isolated 
from 255 NPS specimens. Among 121 isolates, 15 (38%) were 
recovered from meningitis compared to 106 (49%) from pneumonia 
cases (P < 0.3). Fifteen percent of isolates (18/121) were serotype 
b (Hib) and the rest were non-Hib. The rate of resistance to 
ampicillin, amoxicillin, chloramphenicol, azithromycin and co-
trimoxazole revealed by E-test were; 17.3%, 17.3%, 22%, 1% and 
55% respectively. All strains were susceptible to ciprofloxacin, 
moxifloxacin, gatifloxacin, levofloxacin and ceftriaxone. A significant 
difference in antimicrobial resistance between Hib and non-Hib was 
noted for ampicillin (67% vs 8.7%; P < 0.0000001), chloramphenicol 
(72.2% vs 12.6%; P < 0.000001), and co-trimoxazole (88.9% vs 
48.5%; P < 0.004). Seventeen percent (21/121) of H. influenzae 
were ampicillin resistant due to β-lactamase. All ampicillin resistant 
isolates were characterized as multi-drugs resistant (MDR). Of 
the 21 ampicillin-resistant H. influenzae, 57% (12/ 21) were Hib, 
followed by non-capsulated (28.6%), serotype d (9.5%) and 
serotype c (4.8%). MDR was significantly different (P < 0.0000001) 
between Hib (66.7%) and non-Hib (8.7%). Biotype II (38.8%), III 
(20.7%), and I (18.1%) comprise 78% of H. influenzae isolates. 
Ninety-five percent of Hib belong to biotype I. Thus, 67% of the Hib 
isolates represent β-lactamase mediated ampicillin and multi-drugs 
resistance which is a tremendous public health concern.
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in spread of the potential pathogens. The H. influenzae infection 
begins with the colonization of the upper respiratory tract which 
make nasopharyngeal colonization is a critical risk factor for potential 
infection and progression to disease [2]. Study showed the children 
frequently colonized by H. influenzae are more likely to develop 
acute otitis media compared to the children who colonized less 
frequently [3]. Eight different biotypes and six serotypes are used 
as epidemiological markers for studying the pattern of colonization 
with H. influenzae and to identify the pathogenic strain [4]. However, 
biotype I and serotype b are commonly associated with meningitis in 
children, and biotypes II and III are commonly associated with upper 
respiratory tract infections [5,6]. Non-capsulated and biotype IV H. 
influenzae has been shown as an important pathogen in neonatal, 
maternal, and female genital infections.

In contrast, non-serotypeable strains of H influenzae, particularly 
biotypes II and III, are frequently commensal to the upper respiratory 
tract. While colonization with biotypes II and III usually does not 
progress to disease. However, sometimes these biotypes have been 
emerged as pathogen of sinusitis, otitis media, acute and chronic 
exacerbations of lower respiratory tract infection, and acute 
and chronic conjunctivitis [7,8]. Continuous monitoring of the 
antimicrobial resistance patterns of H. influenzae is recommended 
for cost-effective treatment of invasive infections. Isolation of H. 
influenzae from cerebrospinal fluid and blood from rural hospital in 
developing countries may not be possible due to the lack of adequate 
laboratory facilities. Hence, the monitoring of nasopharyngeal 
colonization with H. influenzae as a surrogate marker for invasive 
and locally invasive H. influenzae could be an attractive option [9]. 
This study was undertaken to investigate serotypes, biotypes and 
antimicrobial susceptibility patterns of H. influenzae colonized in the 
nasopharynx of young children as well as study the role of β-lactamase 
in the development of ampicillin resistance.

Material and Methods
Study population

A prospective study was conducted on nasopharyngeal 
colonization by H. influenzae for 36 months from July 2000 to 
June 2003 in three hospitals in Dhaka, Bangladesh. A total of 
255 nasopharyngeal samples (NPS) from every seventh of 1786 
pediatric case having pneumonia and meningitis aged less than 5 

Introduction
Haemophilus influenzae is responsible for a number of human 

diseases ranging from chronic respiratory infection to meningitis. H. 
influenzae asymptomatically colonizes the nasopharynx of healthy 
individuals. Colonized H. influenzae isolates are potential to causes 
systemic disease and mucous membrane infections. Almost all of the 
children colonized by respiratory pathogens at some time of their 
life, and about 15% of colonized children infected within a month 
of colonization [1]. Bacterial species colonized in healthy carrier is 
easily spread to new hosts and possesses threat of infection in the 
new host. Therefore, nasopharyngeal carriage plays important role 
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years were included in this study. Clinical and demographical data 
were recorded in a questionnaire. The population consisted of 
children of both sex, aged less than five years. Written consent was 
obtained from the parents or guardians of all children. The study 
protocol was approved by the institutional ethical committee of 
the Centre (ICDDR,B).

Specimen collection

Nasopharyngeal specimen was collected immediately after 
examination. A calcium alginate tipped swab was used for the 
collection of nasopharyngeal specimens. The swab was inoculated 
on chocolate agar plate with bacitracin (300 µgml-1) and immediately 
transported to the laboratory via cold box and immediately incubated 
at 37°C in candle extinction jar for 20 to 24 hours.

Microbiological procedure

After overnight incubation the plates were examined for H. 
influenzae. All respiratory pathogens were isolated and identified 
by standard laboratory methodologies: colony morphology, Gram 
staining characteristics, and X (hemin) and V (nicotinamide adenine 
dinucleotide) factor requirements test. Each isolate was then stocked 
in trypticase soy broth with 20% glycerol and stored at -80°C for 
further investigation.

Antimicrobial susceptibility

Antibiotic susceptibility was qualitatively determined by disk 
diffusion method according to Standard Clinical laboratory Institute 
(Previously National Committee for Clinical Laboratory Standard; 
NCCLS) guideline [10]. Minimum inhibitory concentration (MIC) 
was also determined E-test [11] technique using antimicrobial 
strips of ampicillin, amoxicillin, azithromycin, trimethoprim-
sulfamethoxazole (TMP-SMX), ciprofloxacin, gatifloxacin, 
moxifloxacin, chloramphenicol, ceftriaxone, (AB Biodisk, Solna, 
Sweden). Antimicrobial resistance cut-off value was determined 
using European Committee on Antimicrobial Susceptibility Testing 
guideline [12]. Haemophilus testing media (HTM) supplemented 
with X and V factor was used for susceptibility testing of H. influenzae. 
The plates were incubated in candle extinction jar (~5% CO2) at 37°C 
for 24 h prior to reading of the results. MICs were interpreted by 
using Standard Clinical laboratory Institute breakpoints. The MIC 
was defined as the lowest concentration of antibiotic that inhibited 
the visible growth. Isolates were considered multi-resistant if they 
had reduced susceptibility to at least three structurally unrelated 
antibiotics. H. influenzae ATCC 49247 strains was used for the 
quality control.

Detection of β-lactamase production

All the ampicillin resistant strains and some ampicillin susceptible 
strains were tested for β-lactamase production by nitrocefin stick test 
(Cefinase stick Oxoid, UK).

Serotyping

The strains of H. influenzae were serotyped by the slide 
agglutination test, using antiserum type a to f (Denka Saiken).

Biotype analysis

Biotypes were investigated to all the H. influenzae isolates by 
determining their ability to produce urease, indole and ornithine 
decarboxylase [6,13] using locally prepared media supplemented 
with NAD (5 µgml-1) and haemin (5 µgml-1).

Statistical analysis

Differences were statistically analyzed using the Chi-square 
method with the Yates correction as appropriate. P-value of < 0.05 
was considered significant.

Results
A total of 255 nasopharyngeal samples (NPS) collected from 

every seventh of 1786 [meningitis (293) and pneumonia (1493)] 
patients under five year of age. Among 255 NPS specimens, 39 (15%) 
were from meningitis and 216 (85%) from pneumonia case. Sixty two 
percent (159/255) of the subjects included in this study were male. A 
total of 121 (47.5%) strains of H. influenzae were isolated from 255 
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Figure 1: Percent of H. influenzae (HI) total carrier (□), non-typeable HI 
carrier (■), typeable HI carrier (Δ) and Hib carrier (▲) status of children among 
different age groups.

Table 1: Susceptibility and MIC result of colonized isolates of H. influenza.

Antibiotic used All H. influenzae (n=121) No. (%) of strains Break point value (µgml-1)
MIC50

(µgml-1)

MIC90

(µgml-1)

MIC range

(µgml-1)

All H. influenzae (n = 121) H. influenzae type b (Hib) (n = 18) Non-Hib 

 (n = 103) S R
Ampicillin 0.25 64 0.12- >256 21 (17.4)

21 (17.4)

1 (0.83)

26 (21.5)

66 (54.8)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

12 (66.7)

12 (66.7)

0 (0)

13 (72.2)

16 (88.9)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

9 (8.7)

9 (8.7)

1 (1)

13 (12.6)

50 (48.6)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

≤ 1 > 1

> 2

> 4

> 2

> 1

> 0.5

> 0.5

> 1

> 1

> 0.125

Amoxicillin 1.0 128 0.25- >256 ≤ 2
*Azithromycin 2.0 4 0.5-8.0 ≤ 4
Chloramphenicol 0.5 8 0.25- >32 ≤ 2
Cotrimoxazole 8.0 ≥ 32 0.032- >32 ≤ 0.5
Ciprofloxacin 0.004 0.016 ≤ 0.002-0.016 ≤ 0.5
Gatifloxacin 0.008 0.016 0.004-0.016 ≤ 0.5
Levofloxacin 0.008 0.032 0.004-0.032 ≤ 1
Moxifloxacin 0.016 0.032 0.008-0.032 ≤ 1
Ceftriaxone ≤ 0.016 ≤ 0.016 ≤ 0.016 ≤ 0.125

* Break point of azithromycin when incubated in CO2
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specimens. Among them 15 (38%) isolates were from meningitis 
compare to 106 (49%) isolates from pneumonia cases (P < 0.3). The 
rate of colonization with H. influenzae in male (50%) was higher 
compare to female (44%) (P < 0.5). About 80% subjects less than 12 
months of age and there is no remarkable variation of H. influenzae 
colonization among different age groups (Figure 1). The rates of 
resistance to ampicillin, amoxicillin, chloramphenicol, azithromycin 
and co-trimoxazole were; 17.3%, 17.3%, 18%, 1% and 54% respectively 
(Table 1). In addition, 3% and 1% strains were intermediately resistant 
to chloramphenicol and co-trimoxazole respectively. All strains were 
susceptible to ciprofloxacin, moxifloxacin, gatifloxacin, levofloxacin 
and ceftriaxone (Table 1). MIC50/MIC90 of Ampicillin, amoxicillin, 
azithromycin, chloramphenicol, cotrimoxazole, ciprofloxacin, 
gatifloxacin, levofloxacin, moxifloxacin and ceftriaxone were shown 
at Table 1. Of the 121 isolates, 18 (14.9%) were H. influenzae type 
b (Hib). A significant difference in antimicrobial resistance between 
Hib and non-Hib was observed for ampicillin (67% vs 8.7%; P < 
0.0000001), chloramphenicol (72.2% vs 12.6%; P < 0.000001), and co-
trimoxazole (88.9% vs 48.5%; P < 0.004) (Table 1).

All of the ampicillin resistant H. influenzae isolates, 21 (100%) 
were positive for β-lactamase. Seventeen percent of (21/121) isolates 
were multi-drugs resistant (MDR; resistant ≥ 3 drugs), and MDR 
is significantly higher among the Hib (66.7%) and biotype I (50%). 
Chloramphenicol and co-trimoxazole resistance is significantly 
higher in ampicillin resistant isolates (81% and 100%) compared to 
the susceptible strains (9% and 45%) (P < 0.0000001 and P < 0.000005 
respectively). The distribution of all biotypes, serotype and ampicillin 
resistant, is shown in (Table 2). All eight biotypes were found in our 
H. influenzae bacterial population. Biotype II was most common (38.8 
%), followed by III (20.7%) and I (18.1%); cumulatively comprises 
78% of H. influenzae isolates. A strong correlation was seen between 
biotypes and H. influenzae type b (Table 2). H. influenzae, type b is 
mostly (94.4%) belongs to biotype I, while the non-Hib H. influenzae 
is more common in the rest of the biotypes especially in II (41%) and 
III (19%). Most (75%) of the uncapsulated H. influenzae isolates were 
biotype II (49%) and III (26%). Forty five percent serotype c and 35% 
serotype d isolates were belonged to biotype II. Of the 21 ampicillin-
resistant H. influenzae, 57% (12/21) were Hib followed by non-
serotypeable (28.6%), serotype d (9.5%) and serotype c (4.8%). All of 
the ampicillin resistant H. influenzae isolates belong to the biotypes 
I (52.4%), II (19%), III (19%) and IV (9.5%). Fifty percent isolates 
of biotype I was β-lactamase positive ampicillin resistant (BLPAR) 
followed by 28.5% of biotype IV, 16% of biotype III and 8.5% biotype 
II. So, BLPAR isolates of H. influenzae are mostly associated with 
seorotype b (66.7%) and biotype I (50%) which is the major cause of 
invasive infection in Bangladeshi children.

Discussion
To our knowledge, this is the first Bangladeshi study on 

prevalence, serotyping, biotyping and antimicrobial susceptibility 
among H. influenzae colonization in the nasopharynx of children 
with pneumonia and meningitis. Our study demonstrated a higher 
rate of nasopharyngeal carriage of H. influenzae (47.5%), especially 
serotype b (14.9%) and biotype I-III (77.7%). The overall frequency 

of ampicillin resistant H. influenzae was 17.3%. All the ampicillin 
resistant strains were β-lactamase positive. Many study conducted 
in different parts of the world described the carriage rate of H. 
influenzae at ranging from 11.6 to 76% [9,13-15]. The carriage rate of 
H. influenzae in our study (47.5%) is higher than the study from India 
(41.7%; [13]), and England (30.5%; [16]), and lower than the study 
from Central Asia (57%; [17]).

The carriage rates of H. influenzae and Hib among diseased 
children were 40.8% vs 0% in Portugal [18], and 32.6% vs 2% in 
Pakistan [19]. The highest carrier rate of H. influenzae and Hib were 
88.3% and 16.4% respectively reported in Australian aboriginal 
children with acute lower respiratory infections (ALRI) [20]. The 
carriage rate of Hib in our study (14.9%) is comparable to that in 
a study from India (13.2%; [13]), and higher than the study from 
Gambia (12%; [21]), central Asia (11%; [17]), Australia (11%, [20]), 
Turkey (7.2%; [22]), Thailand (7%; [23]) and England (1.1%; [16]). 
The rate of non-capsulated H. influenzae among colonized isolates 
in our study was 57.9% compare to 97.9% in Portugal [18], 79.9% in 
Australia [20], 91.3% in Pakistan [19], and 92.4% in England [16]. The 
higher nasopharyngeal carrier rate of H. influenzae in our study can 
be explained by the fact that all of our study subjects had respiratory 
illness compared to other studies conducted on healthy children.

The overall frequency of ampicillin resistant H. influenzae was 
17.3%. All the ampicillin resistant strains were β-lactamase positive 
that supported by another Bangladeshi study [24] and a study from 
Brazil [25]. BLPAR varies considerably with geographical region, 
the PROTEKT study reported the highest prevalence of ampicillin 
resistant H. influenzae from South Korea (64.7%) and lowest from 
Italy (1.8%) [26]. Fifteen percent (18/121) of the isolates were 
serotype b. Sixty seven percent of Hib and 8.7% (9/103) of non-
Hib were ampicillin resistant in our study compared to 44% and 
13.1% Hib and non-Hib respectively in India [13]. Our findings of 
ampicillin resistance is comparable to some study from India (15.8%, 
[27]; 20 %, [28]), lower than the other Indian studies (21.1%, [29]; 
46%, [30]; 79 %, [9] and 22.9%, [13]) higher than the study from 
Pakistan (4.1%; [19]) and Portugal (10%; [18]). The PROTEKT study 
[26] has reported a carriage rate of 64.7% for ampicillin-resistant H. 
influenzae in South Korea, 17.1% in Hong Kong, 8.5% in Japan and 
36.4% in a study from United States [31].

Chloramphenicol resistant H. influenzae isolates are still rare 
in most parts of the world; 0.2-1.9% in USA [31,32] and 4.7% in 
Turkey [33]. Chloramphenicol resistant H. influenzae are reported by 
different groups; from 0% [27] to 60% (IBIS study 2002) in India and 
34.4% in Pakistan [19].

The highest prevalence of co-trimoxazole resistant H. influenzae 
is reported from India (30-80%) [9,29,30,34] followed by Pakistan 
(77.5%; [19]). Other parts of the world reported low rates of co-
trimoxazole resistant H. influenzae; 20-50% from other Asian 
countries [33,35,36] and < 20% in USA and European countries 
[14,31,36]. Our finding of chloramphenicol and co-trimoxazole 
resistance (21.5% and 55%) was consistent to the study of India and 
Pakistan.

Table 2: Biotypes and serotypes of H. influenzae colonizing in the nasopharynx of the children (n = 121).

Biotype Number of isolates; n (%) Serotype; n (%) ‡Ampicillin 
resistant; n (%)Hia Hib HIc Hid Hie Hif NT

I 22 (18.1) 0 (0) 17 (77.3) 1 (4.5) 1(4.5) 0 (0) 1 (4.5) 2 (9) 11 (50)
II 47 (38.8) 0 (0) 0 (0) 5 (10.6) 6 (12.8) 1 (2.1) 1 (2.1) 34 (72.3) 4 (8.5)
III 25 (20.7) 1 (4) 0 (0) 3 (12) 3 (12) 0 (0) 0 (0) 18 (72) 4 (16)
IV 7 (5.8) 0 (0) 1 (14.3) 0 (0) 1 (14.3) 1(14.3) 0 (0) 4 (57) 2 (28.6)
V 11 (9) 0 (0) 0 (0) 0 (0) 4 (36.4) 0 (0) 0 (0) 7 (63.6) 0 (0)
VI 4 (3.3) 0 (0) 0 (0) 2 (50) 0 (0) 0 (0) 0 (0) 2 (50) 0 (0)
VII 4 (3.3) 0 (0) 0 (0) 0 (0) 2 (50) 0 (0) 0 (0) 2 (50) 0 (0)
VIII 1 (0.8) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0)
Total 121 1 (0.8) 18 (14.9) 11 (9) 17 (14) 2 (1.7) 2 (1.7) 70 (57.9) 21 (17.3)
‡Ampicillin resistant 21 (17.3) 0 (0) 12 (66.7) 1 (9) 2 (11.8) 0 (0) 0 (0) 6 (8.6) -

‡All ampicillin resistance mediated by β-lactamase
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A strong correlation between serotype b and biotype I was 
observed. Serotype b is the pathogenic H. influenzae and biotype 
I causes mostly invasive diseases like meningitis in children, while 
biotypes II and III are more commonly associated with upper 
respiratory tract infections like otitis media and conjunctivitis [6,4]. 
Our observation coincided with the previous observations [6,4]. We 
found 77.3% isolates of biotype I belonged to serotype b H. influenzae 
Das et al. [9] found that the most common biotype was biotype I (36 
%), followed by II (18 %) and III (18 %). In contrast we observed 
that biotype II (38.8%), was most common followed by biotype III 
(20.7%), and I (18.1%) cumulatively biotype I, II and III comprises 
77.7% of H. influenzae in our study similar to a report by Gratten 
et al. [20] showed 78% of the H. influenzae colonized isolates were 
belong to biotype I (20.1%), II (28.3%) and III (30.7%). Our findings 
on biotype is different from the Indian study conducted by Jain et al. 
[13] reported that 61% isolates of H. influenzae was biotype I (19.6%), 
II (16.8%) and III (25%). Another Australian study conducted by 
Harper and Tilse [37] reported that 90.5% isolates of H. influenzae 
were belonged to biotype I (15.7%), II (48.5%) and III (26.3%). Most 
(94.4%) (17/18) of H. influenzae type b was included in biotype I in 
our study was supported by the observation of Gratten et al. [20] 
reported that 89.3% (25/28) of Hib was biotype I.

A strong correlation between biotype and ampicillin resistance 
was also found. All ampicillin resistant isolates of H. influenzae of 
our study were belonged to biotype I (52.5%), II (19%), III (19%) 
and IV (9.5%) comparable to the study from India [13] and Brazil 
[38]. Dabernat et al. [39] reported that 50% of encapsulated strains 
were biotype I, and often resistant to ampicillin (38.5 %), while 42% 
of non-encapsulated strains were biotype II with 10.6% resistant to 
ampicillin. On the other hand, 39.2% (20/51) encapsulated strains 
were biotype I and 55% (11/20) of them were resistant to ampicillin, 
while 48.6% (34/70) of non-encapsulated strains were biotype II with 
11.8% (4/34) resistant to ampicillin. Similar to our findings, Granato 
et al. [40] reported that encapsulated strains of biotype I had the 
highest frequency of ampicillin resistance. No strain was found to be 
ampicillin resistant without producing β-lactamase in contrast 14.4% 
(33/229) ampicillin resistant H. influenzae isolates were negative for 
β-lactamase from Indian study [13].

Overall carriage rate of H. influenzae was consistently remained 
around 50% in various age groups of the children. However, rate 
of Hib colonization varied among the different age groups (Figure 
1). During the first month of age the carriage rate of Hib was 0%, 
due to the maternal natural immunization with Hib that provide 
higher levels of antibody until 2 months of age of babies born to 
immunized mother [41]. So, Hib vaccination during pregnancy could 
be protective to newborn by decreasing Hib colonization and the risk 
of infection. Hib carriers in the age group 2-6 months were all aged 
> 4-6 months and only a single case of Hib colonization was found 
above 24 months of age. This can be explained as; after 3 months of 
age maternal antibody to Hib disappeared in infants and Hib begin 
to colonize and culminate between 4 and 18 months. Children begin 
to produce antibody to Hib at around 2 years of age and subsequent 
colonization with Hib decreased significantly. Colonization pattern of 
non-Hib encapsulated H. influenzae were similar to Hib except during 
infancy, colonization with non-Hib encapsulated H. influenzae was 
higher (22.2%) compare to Hib (0%) (Figure 1). Colonization with 
non-typeable isolates was significantly differed from the encapsulated 
H. influenzae (Figure 1).

In our study, high rate of ampicillin (17%), chloramphenicol 
(21%) and co-trimoxazole (55%) resistance among colonized isolates 
of H. influenzae reflect the resistance rate of these drugs among the 
invasive isolates resistant to ampicillin (31%), chloramphenicol 
(42%), trimethoprim-sulfamethoxazole (44%) and azithromycin 
(1.4%). BLPAR isolates of H. influenzae of our study were mostly 
associated with Hib (66.7%) and biotype I (50%) are come out to 
be most pathogenic causing invasive disease such as pneumonia, 
meninigitis etc. [4,6,42]. Moreover, higher rate of MDR in H. 
influenzae to commonly used first line drugs made the treatment of 

invasive disease very difficult. Therefore, physician has to depend on 
third generation cephalosporin for the empirical therapy but this drug 
is expensive and is not affordable by the majority of rural Bangladeshi 
people. As an alternative, fluoroquinolone such as moxifloxacin and 
gatifloxacin could be used as empirical therapy. Azithromycin also 
could be a drug of choice for empirical therapy especially for the adult. 
Physician should be careful to prescribe azithromycin for the children 
due to the possible side effect. However, immunization with protein 
conjugate Hib vaccine is the best option to prevent colonization as 
well as possible invasive Hib infection among the young children.
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