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Haemophilus influenzae type b (Hib) is a major cause of invasive bacterial infection in children that can be
prevented by a vaccine, but there is still uncertainty about its relative importance in Asia. This study
investigated the age-specific prevalence of Hib carriage and its molecular epidemiology in carriage and disease
in Nepal. Oropharyngeal swabs were collected from children in Kathmandu, Nepal, from 3 different settings:
a hospital outpatient department (OPD), schools, and children’s homes. Hib was isolated using Hib antiserum
agar plates, and serotyping was performed with latex agglutination. Hib isolates from children with invasive
disease were obtained during active microbiological surveillance at Patan Hospital, Kathmandu, Nepal.
Genotyping of disease and carriage isolates was undertaken using multilocus sequence typing (MLST). Swabs
were taken from 2,195 children, including 1,311 children at an OPD, 647 children attending schools, and 237
children in homes. Overall, Hib was identified in 5.0% (110/2,195; 95% confidence interval [95% CI], 3.9% to
6.4%). MLST was performed on 108 Hib isolates from children carrying Hib isolates and 15 isolates from
children with invasive disease. Thirty-one sequence types (STs) were identified, and 20 of these were novel STs.
The most common ST isolates were sequence type 6 (ST6) and the novel ST722. There was marked heteroge-
neity among the STs from children with disease and children carrying Hib. STs identified from invasive
infections were those commonly identified in carriage. This study provides evidence of Hib carriage among
children in urban Nepal with genetically diverse strains prior to introduction of universal vaccination. The Hib
carriage rate in Nepal was similar to the rates observed in other populations with documented high disease
rates prior to vaccination, supporting implementation of Hib vaccine in Nepal in 2009.

Haemophilus influenzae type b (Hib) is a major cause of
invasive bacterial infection and pneumonia in childhood. Glob-
ally, Hib is estimated to cause over 3 million cases of serious
disease and 400,000 deaths, primarily among children in re-
source-poor countries (36, 37). Protein-polysaccharide conju-
gate Hib vaccines are highly effective in preventing disease
when used in routine infant immunization schedules. There is
increasing evidence from large-scale Hib vaccine studies in the
Gambia (17), Bangladesh (4), and Lombok, Indonesia (7) of
the significant impact of immunization on disease caused by
Hib. In 2006, the World Health Organization recommended
inclusion of this vaccine in all routine immunization programs,
estimating that 20% of all cases of pneumonia were attribut-
able to Hib and variable proportions of childhood meningitis
were attributable to Hib, depending on the geographical loca-
tion (37). The Global Alliance for Vaccines and Immunization
(GAVI) has pledged to assist with the introduction of routine

infant immunization against Hib in the world’s poorest coun-
tries. Nepal is one of these countries and introduced Hib vac-
cine into the infant immunization schedule in 2009 after this
study was completed.

Small studies have previously identified Hib as an important
cause of meningitis in Nepal (26, 34), and recent studies of
children in hospitals in Kathmandu, Nepal, suggest that Hib
caused 2 to 8% of the cases of meningitis (12, 25). However,
the absolute number of cases in the study was small, and there
is still uncertainty about the relative importance of Hib in Asia.
In urban Nepal, we have previously identified a significant
burden of pneumonia in children less than 5 years old admitted
to a hospital (12, 38). While Hib is likely to be the cause of
many of these cases of pneumonia, most children with Hib
pneumonia have negative blood cultures, and confirmation is
therefore not possible (6).

In areas of the world where Hib is a demonstrably important
cause of invasive disease in children, carriage rates of 3 to 9%
have been documented in children under 5 years of age (20).
The presence of significant Hib carriage in a region, such as
Nepal, where there is limited population data on the rates of
invasive disease, would be suggestive of its importance as a
cause of both invasive and mucosal disease in these children.
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This study was undertaken to document the age-specific car-
riage rates of Hib as supporting evidence for the importance of
Hib in this population. Furthermore, the presence of Hib car-
riage data prior to a countrywide immunization program pro-
vides an opportunity to assess the impact of the program, using
carriage as an accessible surrogate of vaccine efficacy. For
health ministries balancing a limited budget, data on Hib car-
riage among children could support both vaccine implementa-
tion and an ongoing program after donor funding has been
phased out.

Although genetic profiling of Hib isolates using multilocus
sequence typing (MLST) is well described, there are few data
describing the molecular epidemiology of Hib isolates from
Asia. It is of particular interest to know whether carriage and
disease strains are similar before and after the introduction of
Hib vaccine.

The primary objective of this study was to determine age-
specific rates of oropharyngeal carriage of Hib in children in
urban Nepal. The secondary objective was to describe the
variation in incidence among 3 cohorts of healthy children in
an urban hospital outpatient department (OPD), in schools,
and in children’s homes. In addition, the study aimed to com-
pare the molecular epidemiology of isolates from children car-
rying Hib and children with invasive disease.

MATERIALS AND METHODS

Recruitment and study groups. Children were recruited from either (i) the
clinic treating patients under 14 years of age in the outpatient department (OPD)
at Patan Hospital, Kathmandu, Nepal, (ii) local schools, or (iii) children’s homes
for socially disadvantaged children. Patan Hospital is an urban hospital with the
second largest children’s department in Kathmandu, Nepal. The OPD is the
primary health clinic for local children in the Patan area in Nepal. There is no
known epidemiological connection among these children apart from the fact that
they access the same hospital clinic and mostly reside in the catchment area of
the clinic. The parents or guardians of children were approached by research
officers in the clinic waiting area, and informed written consent was obtained
from the parents or guardians. Schools were chosen within a 10-km area sur-
rounding Patan Hospital in Nepal, Kathmandu. Six of seven schools approached
agreed to take part in this study. All of the schools participating in the study were
within 10 km of Patan Hospital, and 5 were in Patan District; the six schools
included free government schools and private schools. All children attending
these schools were approached. Written information on the study, a consent
form, and a questionnaire were sent to the parents/guardians of the children.
Children’s homes for socially disadvantaged children in Patan District care for
children who were orphaned or whose parents are unable to provide for them.
All of the 7 children’s homes approached agreed to take part in the study. One
large home (n � 165) was a government home, and the remaining 6 were funded
by charities. All of these orphanages had shared dormitories and living spaces.
Written consent was obtained from the 2 governors/staff members of the homes
with responsibility for the children. As far as we are know, none of the children
in the study had contact with children with invasive Hib disease during the course
of this study.

Information was gathered from the parents/guardians of the children on their
age, gender, household size, ages of other children living at home, cigarette
smoking, Hib vaccination history, and history of antibiotic use in the preceding
28 days. Day care attendance information was also collected in the OPD setting.

The exclusion criteria were children who were admitted to the hospital as
inpatients, febrile children with an axillary temperature of �38°C, current respi-
ratory symptoms, or the use of antibiotics within the preceding 28 days.

Sample size. Based on estimated Hib carriage rates of 1.9% for children less
than 5 years old and 3.2% for children 5 years old and older, we aimed to recruit
1,300 children less than 5 years old and 700 children 5 years old or older so that
a 50% reduction in the carriage rate could be identified in future studies with 5%
significance and 90% power.

Microbiology. A single oropharyngeal swab was taken from each child using a
cotton-tipped wooden swab (Aimes charcoal swab with wooden shaft; Medical
Wire Equipment, Wiltshire, United Kingdom). In the OPD, swabs were directly

plated onto Hib antiserum agar plates (Colombia base agar, NAD, hemin,
bacitracin, and sheep anti-Hib serum [National Institute for Biological Standard
and Control, Potters Bar, United Kingdom]). In schools and homes, the swab
ends were cut off into a 2-ml bijoux containing Haemophilus transport medium
(HTM) (tryptone soya broth, NAD, and hemin) and transported to the labora-
tory and plated onto Hib antiserum agar within 6 h.

The samples were incubated at 37°C in a CO2-enriched environment (5 to
10%) and checked after 18 to 24 and 48 h for iridescence or precipitation in the
agar surrounding a colony (resulting from binding of the Hib antiserum to the
type b capsular polysaccharide which is shed from the bacterial surface). After
storage for a further 5 days, the samples were discarded if no precipitation was
found. Colonies identified by iridescence and/or precipitation were confirmed as
Hib using X (haem) & V (NAD) dependence and slide latex agglutination
(Remel Haemophilus agglutinating sera; Remel, Lenexa, KS). Samples that were
X & V dependent were tested using polyvalent and type-specific latex aggluti-
nation (Difco). The positive control for Hib strains was the Eagan strain (ATCC
51654). All organisms that were X & V dependent were frozen at �70°C and
transported to the United Kingdom for genetic typing using MLST. Information
on the samples was removed from the samples to eliminate bias in genetic typing.

Multilocus sequence typing (MLST). The allelic profiles of the Hib isolates
were obtained by sequencing internal fragments of the 7 housekeeping genes by
the method of Meats et al. (15). Samples were sequenced at the Department of
Zoology, University of Oxford, with an Applied Biosystems 3730xl DNA
analyzer. The forward and reverse sequences were analyzed using the Se-
quence Typing Analysis and Retrieval System (STARS) (University of Ox-
ford) (http://sara.molbiol.ox.ac.uk/userweb/mchan/stars/) and submitted to
the MLST website (http://www.mlst.net) for assignment of allele numbers and
sequence type (ST).

Isolates from children with invasive disease. Since April 2005, as part of a
microbiological surveillance study, all children admitted to the children’s ward of
Patan Hospital with suspected invasive bacterial disease or pneumonia have
routinely had blood samples and, where appropriate, cerebrospinal fluid (CSF)
samples cultured. All pathogens isolated from blood and/or CSF samples were
stored at �70°C (12, 38). Hib disease-causing isolates were obtained from this
collection for comparison with isolates from children carrying Hib.

Statistical analysis. The carriage prevalence, for each group of children (i.e.,
OPD, schools, and homes), was estimated by dividing the number of observed
cases by the number of subjects swabbed. The confidence intervals were adjusted
to reflect the fact that the children were not sampled independently but within an
OPD, schools, and homes (i.e., adjusted for clustering effect). Statistical analyses
were carried out using Stata v.10. Comparisons of prevalence between groups
were performed by using logistic regression. For calculation of genetic diversity,
Simpson’s index of diversity (SDI) was used, and SDI was calculated by the
following formula: 100 � [1 � [summ]ni(ni � 1)/N(N � 1)], where ni is the
number of strains belonging to the ith type and N is the total number of strains
(11, 27).

Ethics. Ethical approval for this study was obtained by the Oxford Tropical
Research Ethics Committee (approval no. OXTREC 011-07) and the Nepal
Health Research Council (NHRC).

RESULTS

Oropharyngeal swabs were obtained from a total of 2,195
children, including 1,311 children at the outpatient department
(OPD), 647 children attending schools, and 237 children in
children’s homes between June and December 2007. Demo-
graphic data on the 3 groups of children studied are summa-
rized in Table 1.

In the OPD, 1,761 children were approached from May to
December 2007. A total of 434 children were excluded, as they
had fever (94 children), respiratory symptoms (8 children),
antibiotic use in the preceding 28 days (324 children), or other
reasons (8 children). Sixteen parents or guardians did not
consent to having a swab taken from the child. Swabs were
collected from 1,311 children.

Of the 2,868 children approached who attended local
schools, 738 parents or guardians (26%) agreed to participate,
72 (3%) parents/guardians refused consent, and 2,058 did not
return the forms. Ninety-one of the children whose parents/
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guardians gave consent to participate in the study were ex-
cluded on the day of swabbing, because they were absent (67
children) or were taking antibiotics (24 children). Swabs were
collected from 647 children.

Written consent was provided for 246 of the 490 children
present in the children’s homes approached. Of these chil-
dren, 9 were excluded either because of antibiotic usage (8
children) or absence on the day of swabbing (1 child). Swabs
were collected from 237 children.

Overall, Hib was identified in 5.0% (110/2,196; 95% confi-
dence interval [95% CI], 3.9% to 6.4%) of samples with pop-

ulation-specific carriage rates of 4.1% (54/1,311; 95% CI, 3.0%
to 5.2), 5.4% (35/648; 95% CI, 2.8% to 10.3%), and 8.9%
(21/237; 95% CI, 3.8% to 19.1%) for children at the OPD,
schools, and homes, respectively. The age-specific carriage
rates are shown in Table 2. Overall, there was no significant
difference in carriage prevalence in different settings or age
groups. There was a trend to the lowest prevalence of Hib
carriage being in children �5 years of age in all settings, but
this was not significant for any individual setting.

The risk factors for Hib carriage are shown in Table 3. There
were no significant differences between the median number of
adults or children at the children’s homes, smokers, or atten-
dance at day care centers. No cases of Hib carriage were
identified in children known to have had any dose of Hib
vaccine.

Encapsulated Haemophilus influenzae bacteria belonging to
a type other than type b were isolated from 20 (0.9%) of the
children. These bacteria were most commonly types d and f
with 6 isolates of each being identified. Three isolates of type
a, 3 isolates of type c, and 2 isolates of type e were also
confirmed using slide agglutination. In 33 children, a nontype-
able H. influenzae was identified. These are likely to be under-
estimates, as the methods used with anti-Hib serum agar are
selectively designed to identify Hib isolates.

MLST was performed on 108 isolates from children carrying
Hib (2 isolates failed to grow after transport) and 15 isolates
from children with invasive disease (Table 4). For the isolates
from children carrying Hib, 31 different STs were identified; 64
(59%) isolates had 1 of 11 previously described STs, and 44
isolates (41%) had novel STs (20 novel STs).

Overall, the population structure of the isolates from chil-
dren carrying Hib was one of high diversity. No single ST
accounted for greater than 22% of the population, and the
overall Simpson’s diversity index (SDI) was 90.7%.

Although there was no difference in the overall Hib carriage
prevalence in children in the three settings (homes, schools,
and OPD), there were striking differences in the molecular
epidemiology of the populations (Table 5). The isolates from
homes showed a lower diversity (SDI, 44%) than those from
schools (SDI, 92%) or the OPD (SDI, 93%). For schools and
OPD combined, ST722, a novel ST, was the most common ST
(18% of isolates), followed by ST6 (10% of isolates). ST95 was
unusual in being a relatively frequent isolate from the OPD
(5/53 [9%]) but was not found among the school population.

The relative prevalence of STs in disease-causing Hib iso-
lates closely mirrored that in isolates from children carrying
Hib (Fig. 1). The 15 disease-causing isolates were made up of
7 STs. The most common disease-causing ST was ST722, which

TABLE 1. Demographic data for the 3 populations of children

Characteristic

No. of children or parameter value
(%, unless range is specified)a

OPD
(n � 1,311)

Schools
(n � 647)

Homes
(n � 237)

Sex
Female 606 (46.2) 342 (52.9) 118 (49.8)
Male 705 (53.8) 304 (47.1) 119 (50.2)
Unknown 1

Age, yr �median (range)� 1 (0.3–11.7) 8.6 (3.3–12.9) 4.5 (0.3–11.9)

No. of adults at home
1 or 2 675 (51.5) 281 (57.6) N/A
3 to 5 406 (31.0) 152 (31.3)
6 to 9 205 (15.6) 47 (9.6)
�10 25 (1.9) 8 (1.6)
No data 0 159

No. of children at home
1 or 2 643 (87.7) 393 (83.3) N/A
3 to 5 81 (11.1) 72 (15.2)
6 to 9 7 (1.0) 7 (1.5)
�10 2 (0.3) 0
No data 578 175

Smokers in family 493 (37.6) 235 (36.3) N/A

Attended day care
center

180 (13.7) N/A N/A

Received Hib vaccine
1 dose 4 4
2 doses 2 3
3 doses 2 12
Unknown 5 0
Total no. receiving

Hib vaccine
13 19 0

a The three populations of children studied are explained in detail in Materials
and Methods. The the number of children (n) in each population or study group
is shown. OPD, outpatient department. N/A, not available.

TABLE 2. Hib carriage rates by age group and population

Age group
Hib carriage rate (95% CI) �n�a

OPD Schools Homes Overall

3 to 11 mo 3.1 (1.8–4.5) �640� N/A 11.1 (0.3–84.2)b �27� 3.4 (2.5–4.7)b �667�
1 to 4 yr 5.7 (3.6–7.3) �603� 11.1 (0.2–87.8) �9� 11.6 (4.7–26.2)b �103� 6.4 (4.7–8.8)b �715�
�5 yrs 1.5 (0.04–7.9) �68� 5.3 (2.7–10.3)b �638� 5.6 (2.7–11.2)b �107� 5.0 (3.1–8.1)b �813�
Overall 4.1 (3.0–5.2) 5.4 (2.8–10.3)b 8.9 (3.8–19.1)b 5.0 (3.9–6.4) �2,195�

a The Hib carriage rate and 95% confidence intervals (95% CIs) are percentages. n is the number of children. N/A, not available.
b These confidence intervals were adjusted for clustering effect.
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was the most commonly carried isolate in the schools (6 STs
identified in 5 schools) and OPD populations (10 STs). The 9
most commonly carried STs accounted for 13/15 (87%) of
disease-causing isolates. An exception to the relationship be-
tween Hib carriage and disease-causing isolates was ST6. De-
spite ST6 being the most prevalent ST in isolates from children
carrying Hib, there were no disease-causing isolates that were
ST6. However, the majority (15/24 isolates) of ST6 carriage
isolates were identified as clusters in the home population with
all of these isolates identified in 2 of the 7 children’s homes
studied.

There appeared to be no relation between ST and age
groups (�1 year, 1 to 4 years, and �5 years), and the SDI
values were similar for children in the different age groups.

The phylogenetic relationships of the Hib carriage and dis-
ease-causing isolates (n � 123) are shown in Fig. 1. Linkage
analysis of the Hib isolates linking isolates with 6/7 common
identical alleles demonstrated that there are 2 clonal com-
plexes around ST6 (103 isolates) with 33% (41/123) sharing 6/7
alleles with ST6 and a further clonal complex around ST222

(10 isolates). ST725 and ST726 (n � 2) were also clonal,
sharing 6/7 alleles, and the remaining 8 STs had no similarity
between their alleles and hence no clonal relationships.

DISCUSSION

This study provides evidence of Hib carriage in children
aged 3 months to 12 years in urban Nepal in 2007 prior to
universal vaccination. Allowing for the clustering effect of
cases in schools and homes, the carriage rates in all three
settings were similar. The rates are comparable to the Hib
carriage prevalence of 3 to 7% seen in the United States (16)
and United Kingdom (5) in an era prior to routine infant
immunization with Hib. There has been uncertainty about the
rates of disease caused by Hib in Asia. In some specific pop-
ulations in Asia with a low incidence of Hib disease, as deter-
mined by microbiological surveillance, carriage prevalence has
been reported as being as low as 0 to 1% (10, 13, 35). This is
similar to the rates reported for other populations after the
introduction of routine infant immunization (1, 14). However,
the current study has shown a Hib carriage rate of 5.0%,

TABLE 3. Demographic data and Hib vaccination details of
children carrying Hib and children not carrying Hib

Characteristic

No. of children or parameter value
(%, unless SD or range is specified)

Not carrying Hib
(n � 2,085)

Carrying Hib
(n � 110)

Sex
Female 1,005 (48.2) 61 (55.4)
Male 1,080 (51.8) 48 (43.6)
Unknown 1

Age (yr)
Mean (SD) 4.2 (3.7) 4.2 (3.4)
Median (range) 2.9 (0.3–12.9) 3.0 (0.3–12.0)

No. of adults at
home

0 0 0
1 or 2 911 (52.9) 44 (57.1)
3 to 5 534 (31.0) 24 (31.2)
6 to 9 243 (14.1) 9 (11.7)
�10 33 (1.9) 0
Total no. 1,721 77

No. of other children
at home

0 554 (32.6) 23 (28.4)
1 or 2 989 (58.1) 47 (58.0)
3 to 5 142 (8.3) 11 (13.6)
6 to 9 14 (0.8) 0
�10 2 (0.1) 0
Total no. 1,701 81

Smokers 689/1,868 (36.9) 39/88 (44.3)

Attended day care
center

172/2,085 (8.2) 8/110 (7.3)

Received Hib
vaccine

1 dose 8 0
2 doses 5 0
3 doses 14 0

TABLE 4. Multilocus sequence typing profiles of strains from
children carrying Hiba

Sequence
type (ST)b

MLST allelic profile for
adk-atpG-frdB-fucK-mdh-

pgi-recA genes

No. of isolates (%)
from children:

Carrying
Hib

With invasive
disease

6 10–14–4–5–4–7–8 24 (22.2)
722* 10–14–4–54–4–7–11 16 (14.8) 4 (26.7)
53 10–14–5–7–4–7–8 11 (10.2) 3 (20)
118 10–14–4–5–4–7–22 8 (7.4) 2 (13.3)
222 6–20–23–1–33–29–7 6 (5.6) 1 (6.7)
721* 31–14–4–9–4–7–8 6 (5.6) 2 (6.7)
44 10–14–4–3–4–3–8 5 (4.6)
95 31–14–4–5–4–7–8 5 (4.6)
724* 10–20–21–5–4–7–8 5 (4.6) 2 (6.7)
57 14–7–13–7–17–13–17 1 (0.9)
82 5–15–10–1–8–5–11 1 (0.9)
93 6–30–23–1–33–29–7 1 (0.9)
641 10–14–4–7–4–7–8 1 (0.9)
719* 8–14–4–9–4–7–8 1 (0.9)
725* 22–6–11–12–58–18–22 1 (0.9)
726* 22–6–11–12–58–18–11 1 (0.9)
728* 6–20–114–1–33–29–7 1 (0.9)
729* 10–14–115–54–4–7–11 1 (0.9)
730* 10–14–4–43–4–7–8 1 (0.9)
731* 6–11–51–1–33–65–7 1 (0.9)
732* 10–14–5–7–187–7–8 1 (0.9)
736* 10–14–58–5–4–7–22 1 (0.9)
738* 6–20–38–1–33–29–7 1 (0.9)
740* 3–9–8–7–14–8–4 1 (0.9)
741* 10–14–116–27–4–7–43 1 (0.9)
744* 10–19–21–5–4–7–8 1 (0.9)
749* 10–10–5–7–4–7–8 1 (0.9)
750 10–14–5–11–35–7–8 1 (0.9)
751 26–14–121–27–78–55–21 1 (0.9)
752 18–6–3–7–10–28–8 1 (0.9)
754 10–14–121–5–7–7–8 1 (0.9)
488 1–1–101–1–149–1–5 1 (6.7)

a Multilocus sequence typing (MLST) profiles of Hib strains carried by the
children (presented in order of total carriage frequency).

b The sequence type (ST) is shown (e.g., ST6, ST722, ST53, etc.). An asterisk
indicates that a new ST number has been assigned for isolates identified in this
study.
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similar to that found in Indonesia where carriage rates were
4.6% (8). In the Indonesian population, a Hib vaccine probe
study indicated that the incidence rate of Hib-caused menin-
gitis is �70/100,000 children under 5 years old (7), a rate 20
times the rate identified from hospital-based microbiological
studies in this Nepali population (12). The Hib carriage prev-
alence in these areas contrasts with populations of notably high
disease incidence, including Alaska (28) and the Gambia (1) in
their respective prevaccine eras, where a Hib carriage preva-
lence of 7 to 10% was found and the disease rates were cor-
respondingly �70/100,000 children (2, 28). The carriage rate
we report here is lower than the rate of 7.7% reported in a
study from north India where Hib disease rates are unknown
(24). In keeping with other studies, although Hib is the second
most common cause of bacterial meningitis in children in
Kathmandu, Nepal, the absolute number of cases is relatively
small (12). While Hib may cause a more significant burden of
disease as pneumonia, it is only a small minority of cases that
will be bacteremic. The population in Kathmandu, Nepal, has

a high rate of prehospital antibiotic usage, and this is likely to
result in a further underestimate of Hib disease burden (38;
E. J. Williams, et al., presented at the 26th Annual Meeting of
the European Society of Paediatric Infectious Diseases, Graz,
Austria, 13 to 17 May 2008). This study of Hib carriage pro-
vides useful data to set alongside the previous microbiological
surveillance of children with invasive bacterial disease. The prev-
alence of Hib carriage in this population supports the hypothesis
that Hib is likely to be a significant pathogen in the country. It
is likely that routine infant immunization with Hib conjugate
vaccines will have a significant impact on the burden of
pneumonia and meningitis in Nepali children. Such an im-
pact could be documented after implementation by further
investigation of the Hib carriage rate as a surrogate of
vaccine effectiveness.

In keeping with previous Hib carriage studies, we found a
trend to higher carriage rates in preschool children. Children
in children’s homes had a higher prevalence of Hib carriage,
although when the prevalence was adjusted for crowding, it
was not significant. This is consistent with other studies from
day care centers (3) and “orphanages” (30) which show a
higher rate of Hib carriage in these “closed” populations than
in the general population with “open” transmission (i.e., OPD
and school). This study provides evidence that this vulnerable
population has at least as much circulating Hib as the general
population and if universal vaccination reduces the population
carriage rate of Hib and hence produces herd immunity, as has
been found in other settings (9), it would be of benefit to this
vulnerable population.

With the knowledge that the data generated in this study
showed a high carriage rate in the children’s homes, the local
pediatricians provided free Hib vaccine to children aged 3
months to 5 years who were living in these orphanages. In
order to ensure that all children in the orphanage were immu-
nized, the team visited each month to immunize any new ad-
missions. Six months after this program started (and with full
ethical approval), we reswabbed children in the orphanage in
the target age group and found that the carriage rate had
dropped to 2/109 children (1.8%). Although this population is
small and nonstatic, these data suggest that vaccination in this
setting may reduce carriage rates, as has been widely described
elsewhere.

These data are the first to show the genetic diversity of Hib
strains in South Asia and are, to our knowledge, the largest
MLST study of Hib isolates responsible for colonization and
disease in the same population. The most striking feature of
the population structure of Hib isolates in Kathmandu, Nepal,
is the high level of diversity of STs in the study population.
Previous studies of Hib carriage in the United Kingdom
showed an SDI of 25% (19). In the Netherlands, the SDIs of
Hib strains before and after immunization were 39% and 48%,
respectively (23). In the current study, the overall SDI was
91%. This high level of diversity may be a general feature of
open crowded urban settings in the unvaccinated developing
world where there may be high rates of long-standing Hib
circulation of diverse strains. In comparison, the “closed” pop-
ulations of the children in children’s homes in Kathmandu,
Nepal, with relatively limited mixing of children but likely
rapid transmission of colonizing strains could explain the lower
diversity of strains identified.

TABLE 5. Multilocus sequence typing profiles of Hib strains
carried by children by populationa

Sequence
type (ST)b

No. (%) of children

OPD
(n � 1,311)

Schools
(n � 647)

Homes
(n � 237)

6 3 (5.6) 6 (17.1) 15 (75)
722* 10 (18.9) 6 (17.1)
53 4 (7.5) 5 (14.2) 2 (10)
118 6 (11.3) 2 (5.7)
222 4 (7.5) 2 (5.7)
721* 4 (7.5) 2 (5.7)
44 2 (3.7) 3 (8.5)
95 5 (9.4)
724* 3 (5.6) 2 (5.7)
57 1 (1.9)
82 1 (5)
93 1 (1.9)
641 1 (5)
719* 1 (1.9)
725* 1 (1.9)
726* 1 (1.9)
728* 1 (1.9)
729* 1 (1.9)
730* 1 (1.9)
731* 1 (1.9)
732* 1 (1.9)
736* 1 (1.9)
738* 1 (2.9)
740* 1 (5)
741 1 (2.9)
744* 1 (2.9)
749* 1 (2.9)
750 1 (2.9)
751 1 (2.9)
752 1 (2.9)
754 1 (1.9)

Total no. of Hib
strains

53 35 20

a Multilocus sequence typing (MLST) profiles of Hib strains carried by the
children (presented in order of total carriage frequency). n is the number of
children in the three study groups or populations.

b The sequence type (ST) is shown (e.g., ST6, ST722, ST53, etc.). An asterisk
indicates that a new ST number has been assigned for isolates identified in this
study.
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In keeping with most other studies of Hib carriage, ST6 was
one of the most common strains, but unlike other studies, it
was found in only one-fifth of cases in our population com-
pared to 39 to 86% of Hib isolates in the United States and
Europe (19, 21, 23). A further 40% STs were closely related to
ST6 when phylogenetic analysis was undertaken, again in keep-
ing with other studies. Other frequently identified STs (ST722,
ST53, and ST118) were not predominant strains in the United
States (21), Europe (19, 23), or China (33). This is not unex-
pected, as a large-scale multiregion study of Hib genetic pro-
files using electrophoretic typing showed that only 5 to 15%
clones were shared between regions (18), and relatively few
Asian Hib isolates have been submitted for sequence typing.
Overall, almost half of the strains identified by MLST in this
population have not previously been described, and the major-

ity of these do not appear to have any clonal phylogenetic
relationships to other isolates. This finding of frequent novel
STs in Hib is similar to other studies from the Netherlands
(23), Poland (29), and China (33) where between 40 and 78%
are novel STs. These findings are in contrast to those from a
United Kingdom carriage study, more than a decade after
vaccine implementation, where there were no new STs identi-
fied (19).

Considering that this study was undertaken prior to univer-
sal vaccination in the country and that the genetic diversity of
Hib increased with vaccination in other settings (23), the effect
of universal vaccination on genetic diversity in Kathmandu,
Nepal, cannot be readily predicted.

As described by previous investigators (18), most of the
clones identified in individuals with invasive infections were

FIG. 1. Phylogenetic tree of Hib isolates from children in urban Nepal, from children carrying Hib and children with Hib-caused disease.
The evolutionary history was inferred using the neighbor-joining method (22). The optimal tree with the sum of branch length equal to
0.14325348 is shown. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the maximum composite likelihood method (32) and are in the units
of the number of base substitutions per site. There were a total of 3,057 positions in the final data set. Phylogenetic analyses were conducted
using MEGA4 software (31).
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also those that were most frequently associated with carriage.
The exception to this was ST6, as despite being the most
prevalent ST in carriage, there were no disease-causing isolates
that were ST6. However, the majority (15/24 isolates) of ST6
carriage was identified in the home population. As noted pre-
viously, the Hib isolates from children in the homes appear to
have a population structure different from that of the more
general population, and this finding of ST6 clustering could
represent the close contact that these children share. The lack
of ST6 disease-causing isolates suggests that the relatively high
carriage prevalence of ST6 is skewed by the inclusion of the
isolates from children living in children’s homes and is further
evidence that these children are not representative of the gen-
eral population. An alternative explanation would be that the
ST6 organisms have a low potential for invasive disease, but
this appears unlikely from previous studies in other regions. It
is not clear if all Hib bacteria are equally capable of causing
invasive disease. The relationship between carriage and disease
isolates suggests that vaccination strategies that reduce Hib
carriage in this population should reduce the disease burden
by reducing transmission to susceptible individuals (herd
immunity).

This study has provided important data on the presence and
genetic characterization of Hib carriage among children in
urban Nepal. Comparison with studies of Hib carriage and
disease in other areas of the world indicates that there is likely
to be a significant burden of disease in the children in Kath-
mandu, Nepal. Following introduction of vaccine, a repeat of
this carriage study with genetic phenotyping may be a more
straightforward and low-cost means to provide a surrogate for
the impact of a Hib vaccine program than a formal effective-
ness study. Of particular interest is the very high level of ge-
netic diversity of the Hib isolates compared to previously in-
vestigated populations. This may be a general feature of
crowded urban populations in the developing world and would
be explained by high levels of Hib transmission. Given the
importance of herd immunity to vaccine effectiveness, it will be
important to monitor the effect of routine immunization on
carriage in such populations after implementation of routine
immunization.
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