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ABSTRACT Estimates of the burden of Haemophilus influenzae type b (Hib) in children in Pakistan are limited.
A prospective surveillance was set up in 8 sentinel sites in Karachi and Hyderabad in January 2004. A total of
1481 children aged <5 years underwent lumbar puncture for suspected acute bacterial meningitis. Specimens
from 237 (16.0%) children met the criteria for probable bacterial meningitis, and Hib was detected in 45 of
them (19.0%). The minimum detected incidence of Hib meningitis in the Hyderabad area was 7.6 per 100 000
in children <5 years of age, and 38.1 per 100 000 children <1 year. Hib vaccination is justified for inclusion in
Pakistan’s expanded programme of immunization.

Poids de l'infection a Haemophilus influenzae de type b chez les enfants pakistanais

RESUME L'estimation du poids de I'infection a Haemophilus influenzae de type b (Hib) chez les enfants pakistanais
est limitée. Une surveillance prospective a été mise en place sur huit sites sentinelles a Karachi et Hyderabad en
janvier 2004. Au total, 1481 enfants agés de moins de cinq ans ont subi une ponction lombaire en raison d'une
suspicion de méningite bactérienne aigué. Les échantillons prélevés sur 237 enfants (16 %) présentaient les
criteres d’une probable méningite bactérienne, et le Hib a été détectée chez 45 d’entre eux (19 %). L'incidence
de méningite a Hib la plus faible constatée dans la région d’'Hyderabad était de 7,6 pour 100 000 chez les enfants
de moins de cinq ans, et de 38,1 pour 100 000 chez ceux agés de moins d’un an. L'inclusion du vaccin anti-Hib
dans le programme élargi de vaccination du Pakistan est justifiée.

"Department of Paediatrics and Child Health, Aga Khan Universily, Karachi, Pakistan (Correspondence to A.K.M. Zaidi: Anita.zaidi@aku.edu).
2National Institute of Child Health, Karachi, Pakistan.

Received: 18/01/08; accepted: 19/05/08

460




e sl

ealudlsasdl

Introduction

Haemophilus influenzae type b (Hib)
is an important childhood pathogen,
causing pneumonia, meningitis and
sepsis, primarily in children under §
years of age [1-3]. Hib has also been
shown to be responsible for a high
proportion of childhood pneumonia
[4-6]. In industrialized countries where
the Hib conjugate vaccine has been part
of routine childhood immunizations for
over a decade Hib invasive disease has
virtually disappeared [ 7].

Despite the availability of the Hib
vaccine for over 15 years and its proven
efficacy, many obstacles have prevented
developing countries in Asia and Africa
from introducing it in their Expanded
Programmes on Immunization (EPI).
Paramount among these is that the
magnitude of the disease burden and
its cost to society has not been easy
to demonstrate because of inadequate
surveillance capacities. A review of
experience in 4 developing countries
showed that local surveillance data were
critical in the decision to adopt Hib
vaccine [8]. Another deterring factor
has been the high cost of the vaccine
compared to other routine vaccines in
the EPI. However, many developing
countries have found the vaccine to be
cost-effective [9-12].

There has been much debate on the
seemingly low prevalence of invasive
Hib disease in Asian countries. Howev-
er, Hib are fastidious organisms which
are difhicult to culture in resource-poor
laboratories. When adequate labora-
tory facilities have been made available,
Hib have been shown to be the leading
cause of childhood meningitis in most
Asian countries, including Pakistan
[13,14]. Another important problem
in estimating the burden of invasive
disease due to Hib is that the most com-
mon invasive infection is pneumonia
and it is very difficult to identify the etio-
logic agents of pneumonia in children
[15,16]. For these reasons, the most
accurate estimation of how much severe

acute respiratory infection (ARI) is due
to Hib is only available from trials of Hib
vaccine [17].

Realizing the importance of ad-
equate surveillance for Hib-associated
disease, the World Health Organization
(WHO) has developed a generic pro-
tocol for population-based surveillance
[16]. Thisrecommends that surveillance
efforts in developing countries should
focus on meningitis because its diag-
nosis is relatively straightforward and
meningitis surveillance can yield very
accurate estimates of Hib incidence.

The primary objective of our study
was to determine the burden of menin-
gitis due to Hib in childrenaged Syears
in 2 urban centres (Karachi and Hy-
derabad) of southern Sindh, Pakistan,
by sentinel site surveillance using the
WHO generic protocol. This informa-
tion will enable policy-makers to make a
rational decision about introducing Hib
vaccine in Pakistan.

Study setting

In March 2004 prospective surveillance
was set up in 8 sentinel sites in Kara-
chi and Hyderabad that fulfilled the
following criteria: easy accessibility for
patients; more than S0 paediatric beds;
24-hour availability of skilled person-
nel to perform lumbar punctures for
cerebrospinal fluid (CSF) analysis; and
close proximity to one of the labora-
tory collection points of the Aga Khan
University Hospital (AKUH) labora-
tory (none of the public sector hospitals
had adequate laboratory facilities to
detect Hib meningitis). These included
S public sector hospitals (4 in Karachi,
1 in Hyderabad), 2 large private sector
hospitals with high quality microbiol-
ogy laboratories (both in Karachi)
and 1 private university hospital (in
Hyderabad).

All paediatric consultants who were
members of the Sindh chapter of the
Pakistan Paediatric Association were

informed about the study and the avail-
ability of free CSF analysis at AKUH
for any patient with suspected bacterial
meningitis.

Sample

During the study period any child aged
< S years was eligible for the study ifhe/
she had undergone a lumbar puncture
for clinical suspicion of acute bacterial
meningitis at any of the hospitals in the
surveillance system, or whose specimen
had been sent to the AKUH labora-
tory by a paediatric consultant, and was
resident in Karachi or Hyderabad.

Transport of specimens and
laboratory procedures
Participating hospitals and paediatri-
cians were requested to send CSF
specimens obtained from any child
clinically suspected to have acute bacte-
rial meningitis to their respective AKUH
laboratory collection point. Specimens
were transported to the laboratory at
room temperature and underwent im-
mediate analysis for cell count. If the cell
count was > 30 cells per mm?, then latex
antigen testing for Hib, pneumococci
and Neisseria meningitidis was performed
using Wellcogen bacterial antigen de-
tection kits. Due to limited funding for
the study and low yields from cultures
due to transport delays, CSF culture
was only performed on specimens with
abnormal cell counts or negative latex
antigen tests.

Patients with proven Hib meningitis
diagnosed at 1 public sector hospital in
Karachi (National Institute of Child
Health) were followed for 3 months to
assess complications.

Reporting, data recording and
analysis

The results were reported immediately
to the child’s physician, as is the current
practice at the AKUH laboratory. Elec-
tronic and hard copy laboratory reports
were maintained by a designated labo-
ratory technician at the AKUH labora-

tory. Surveillance data were entered into
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a computer in a timely fashion by one
of the research officers functioning as
project coordinator. Patient confiden-
tiality was maintained and the research
review and ethical review committee of

AKUH approved the study.

Data analysis

Data were double-entered and analysed
in SPSS, version 14.0 and Microsoft Ex-
cel. Descriptive statistics were performed
for mean scores and percentages.

Over the 12-month surveillance period
(1 March 2004 to 28 February 2005),
the surveillance system detected 1481

children aged < 5 years who had under-
gone lumbar puncture for suspected
acute bacterial meningitis. Over 90% of
them presented at public sector hospi-
tals. Of these 1481, specimens from 237
(16.0%) children met the criteria for
possible bacterial meningitis (cell count
> 100 per mm?, with polymorphonu-
clear predominance, glucose <40 mg/
dL). Hib wes detected in the CSF of 45
children (19.0%) and pneumococci in
34 (14.3%).

Of the 4S5 children with Hib men-
ingitis, 28 were from Karachi and 17
from Hyderabad. Over 90% of the cases
of Hib meningitis were in children <
1 year of age (20 aged < 6 months, 22
aged 7-11 months). All the cases from
Hyderabad were < 1 year of age. The

youngest child with Hib meningitis
was 11 days old. Prior use of antimi-
crobials before the lumbar puncture
was performed was reported by 54% of
families.

Table 1 shows the surveillance re-
sults from each city for children aged
<1 year and < S years. In metropolitan
Hyderabad and surrounding popula-
tion (catchmentapproximately222 855
children < Syears extrapolating from the
census of 1998) the minimum detected
incidence of Hib meningitis in children
aged < S years was 7.6 per 100 000 (95%
Cl: 429-12.59). In Karachi, the mini-
mum detected rate was 1.2 per 100 000
children aged < S years.

Follow-up information was available
3 months after discharge fora total of 15
children diagnosed with Hib meningitis
at the National Institute of Child Health
during the surveillance period (Table
2). Five of the 15 suffered mild to mod-
erate neurologic sequelae and 3 had
severe sequelae. There were no deaths,
although the parents of 1 child who
was critically ill left the hospital against
medical advice and the child probably
died at home.

Discussion

Hib was detected in 19.0% of children
with possible bacterial meningitis in
Karachi and Hyderabad, making it the
commonest cause of acute bacterial

meningitis in children in these cities in
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Pakistan. The limitations of applying the
WHO generic protocol for population-
based surveillance of Hib [16] in our
setting were the requirement that catch-
ment areas be clearly defined and health
care utilization rates should be high to
accurately capture all cases of menin-
gitis—a situation that does not exist in
any area of Pakistan where it would also
be possible to do good surveillance and
have the laboratory capacity to diagnose
Hib. Therefore, the estimated rate of
Hib meningitis of 38.1 per 100 000
infants and 7.6 per 100 000 population
< § years for Hyderabad is a minimum,
and is likely to be a significant underes-
timate because we were unable (due to
budgetary limitations) to capture cases
from one of the public sector hospitals
in the area, many smaller private hospi-
tals were not included and many infants
may have died at home without ever
being admitted to a hospital.

In Karachi, the detected rate of
Hib meningitis of 1.2 per 100 000 in
children aged < 5 years is just the tip
of the iceberg of infection because the
public sector hospitals participating in
the sentinel surveillance system see a
very small fraction of the disease bur-
den in Karachi, whereas in Hyderabad
there are fewer private facilities that
can provide care to very sick children.
The 1994 National Health Survey of
Pakistan found that 80% of health care
activity in Pakistan occurs in the private
sector [18]. In large urban cities such
as Karachi, this figure is even higher. In

City/age group

Hyderabad
<12 months
<59 months

Karachi
<12 months
<59 months

Table 1 Rates of Haemophilus influenzae type b (Hib) meningitis in 8 sentinel hospitals by city and child’s age group

Population in this
age category?

No. of cases

44 571 17
222 855 17
460 676 21
2303380 28

Hib meningitis
Rate per100 000

95% Cl
population

38.10 22.35-61.40
7.60 4.29-12.59
4.56 2.56-7.23
1.21 0.09-1.59

“Extrapolated from 1998 census report: Pakistan census 1998, Federal Bureau of Statistics.

ClI = confidence interval.
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Table 2 Outcome of children with Haemophilus influenzae type b meningitis
admitted to a large public sector hospital (National Institute of Child Health,
Hyderabad) (n =15)

Outcome No. of cases %
Normal 6 40.0
Mild to moderate deficit (partial hearing loss, seizure

disorder, mild developmental delay) 5 333
Severe sequelae (significant hearing loss or motor deficits,

hydrocephalus, severe developmental delay) 3 20.0
Lost to follow-up (left hospital against medical advice) 1 6.7
Deaths recorded 0 0.0

“Was severely ill at the time of leaving.

addition, we commonly observed that
many children with suspected menin-
gitis did not undergo lumbar puncture
for a variety of reasons. Many smaller
hospitals did not have skilled personnel
available at night and did not have sup-
plies for lumbar puncture, and instead
empirically treated suspected meningi-
tis with 3rd generation cephalosporins.
In the larger public sector hospitals that
were part of our sentinel site surveil-
lance, many children were brought in
in a very unstable condition and could
not undergo lumbar puncture. There
was also a fairly high refusal rate by fami-
lies who consider lumbar puncture a
highly invasive test, especially in private
hospitals. We also observed prior anti-
biotic therapy reporting rates of 54% for
patients undergoing lumbar puncture.
Finally, our experience of working in
several low-income communities of
Karachi shows that health care utiliza-
tion patterns are very poor, with 70% of
families of sick infants refusing to take
their babies to the hospital despite the
provision of transport [19]. Our verbal
autopsy studies in these communities
show that fever with seizures is a com-
mon cause of death in infants, for which
hospital care was never sought [19]. All
these factors result in a serious underes-
timate of the burden of Hib meningitis.
With the assumption that we may have
captured only 10%-20% of the cases of
Hib meningitis in Hyderabad we could
estimate an adjusted annual incidence
of 38-76 per 100 000 children < S years,
which is substantial, and comparable

to rates observed in many African and
Latin American countries [ 16].

A notable finding is that most cases
of Hib meningitis were concentrated
in the very young age group, with over
90% observed in the < 1-year-olds, and
almost half in children < 6 months
of age, indicating early exposure. Hib
meningitis-adjusted incidence rates in
the infant age group in Hyderabad may
therefore be 190380 per 100 000 chil-
dren < 1 year (using 20% of 222 855 as
the denominator population of < 1-year
old-children). Therefore, the annual
number of cases of Hib meningitis in
children < 1 yearin Pakistan is estimated
at 10 000-21 000.

Hib meningitis represents only a
fraction of the burden of invasive Hib
disease, although it the most severe
form of invasive disease with a high
rate of permanent disability. The clini-
cal syndrome of pneumonia is much
more common, and results in many
more deaths, but is under-recognized
because of the difficulty of obtaining
appropriate specimens. ARIis the most
common cause of childhood deaths
in Pakistan, responsible for 24% or
120 000 deaths of the 500 000 annual
child deaths in Pakistan [20]. Using
WHO's generic protocol for estimating
Hib-related ARI childhood mortality,
as well as the estimation by Black et al.
[20], we derived a rate of ARI-specific
mortality of 25 per 1000 children < §
years, and Hib-specific ARI mortality
of 2.3 per 1000 children < S years [16].
However, whether Hib vaccine will be

useful in the prevention of ARI-related
mortality remains unproven in Asian
countries [17].

Pakistan is a Global Alliance for
Vaccines and Immunization (GAVI)-
eligible country, and hepatitis B
virus (HBV) vaccination, in combi-
nation with diphtheria/pertussis/
tetanus (DTP), was introduced in Pa-
kistan with GAVI support in 2006. The
additional cost of introducing penta-
valent vaccine including Hib conjugate
(DPT-HBV-Hib) using the GAVI/
UNICEF procurement cost [21] of an
additional US$ 0.30 per dose of Hib for
Pakistan works out at US$ 5.71 million
[S5 500 000 birth cohort x 3 doses x 0.70
(coverage) x 1.1 (wastage) x US$ 1.50].
The cost to the government of Pakistan
per Hib meningitis case averted is thus
an estimated US$ 268.7-537.3, making
Hib vaccine a very cost-effective inter-
vention based on preventing meningitis
cases alone.

We faced many constraints in
choosing appropriate surveillance sites
in Karachi and Hyderabad. Public sec-
tor hospitals in the area have woefully
inadequate facilities to CSF analysis,
culture for Hib or perform latex antigen
testing. We could not identify a single
large paediatric facility in the public
sector that had appropriate facilities
for CSF culture or the resources to do
latex antigen testing. On the other hand,
these hospitals see the majority of sick
children from the lower socioeconomic
groups, where Hib disease would be
expected to be most prevalent. Sustain-
able sentinel site surveillance networks
for bacterial meningitis (Hib and
pneumococcus) detection in public
sector hospitals are needed, and a high
priority should be given to improving
the capacity and increasing resources
for microbiology laboratories of public
sector hospitals in Pakistan.

Due to budgetary constraints we
could only record outcome at 3 months
for children with Hib meningitis at 1
hospital in Karachi. Our limited data
showed that nearly two-thirds of
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children (9 of 15) suffered significant
complications with an impact on quality
of life. The long-term sequelae and the
resultant human and financial burden
of providing care to survivors of Hib
meningitis are also under-recognized
and should be included in the estima-
tions of vaccine cost-effectiveness.

We conclude that Hib is the com-
monest cause of bacterial meningitis
in children in Pakistan and that there
is a substantial burden of invasive Hib
disease. The decision to include Hib in
routine EPI in Pakistan from 2008 is
thus warranted based on the burden of
meningitis alone. Additional studies are
recommended to evaluate the impact
of Hib vaccine introduction on the pre-
ventable fraction of severe pneumonia.
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