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ARTICLE INFO ABSTRACT

Artif{e history: ) Introduction: Haemophilus influenzae type b was the leading cause of bacterial meningitis in infants and
Received 21 April 2018 children below the age of two years prior to the introduction of H. influenzae type b conjugate vaccines. In
Received in revised form 22 January 2019 December 2011, the Indian government introduced H. influenzae b vaccine in the state of Tamilnadu. A
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Available online 14 February 2019 prospective surveillance for bacterial meningitis was established at the Institute of Child Health in

Chennai to evaluate the etiology of meningitis and impact of the vaccine.
Material and Methods: Infants aged one to 23 months who were admitted to the hospital with symptoms
of suspected bacterial meningitis were enrolled and lumbar puncture was performed. Cerebrospinal fluid
samples were analyzed for white blood cells, protein, and glucose. Bacterial culture and a latex aggluti-
nation test for common bacterial pathogens were performed.
Results: Between January 2009 and March 2014, 4,770 children with suspected bacterial meningitis were
enrolled. Prior to the introduction of the vaccine, an average of 11.7 cases of H. influenzae b meningitis and
31.1 cases of probable meningitis with no etiology were identified each year. After introduction, the num-
ber of cases were reduced by 79% and 44% respectively. The average H. influenzae b vaccine coverage after
introduction was 69% among all children with clinically suspected meningitis. In contrast, the mean num-
ber of aseptic meningitis and pneumococcal meningitis cases remained stable throughout the pre and
post vaccination period; 28.2 and 4.8 per year, respectively.
Conclusions: H. influenzae b conjugate vaccine reduced the number of cases of H. influenzae b meningitis
and probable meningitis within the first two years of its introduction. The impact against meningitis was
higher than the vaccination rate, indicating indirect effects of the vaccine. India has recently scaled up the
use of Hib conjugate vaccine throughout the country which should substantially reduce childhood
meningitis rates further in the country.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

1. Introduction
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- cause of morbidity and mortality in young children globally. As
Abbreviations: CSF, Cerebrospinal fluid; DTP, Diphtheria-tetanus-pertussis; GBS, recently as 2000, Hib accounted for 370,000 deaths and over eight
Group B Streptococcus; Hib, Haemophilus influenzae type b; Hib-CV, Haemophilus  1oijjion cases of severe disease globally, most notably pneumonia
influenzae type b conjugate vaccines; ICH & HC, Institute of Child Health and NN A 7 N |
Hospital for Children; LAT, Latex agglutination test; LP, Lumbar puncture; WBC, and meningitis [1]. However, with the implementation of Hib con-
White blood cell count; WHO, World Health Organization. jugate vaccines (Hib-CV), Hib disease has been virtually eliminated
* Corresponding author at: University of California Los Angeles, Department of in countries where there has been wide-spread use of the vaccine.
Pediatrics, Division of Infectious Diseases, 10833 Le Conte Ave. Room 22-442, Los Hib-CV is composed of Hib capsular polysaccharide polyribosyl-
Angeles, CA 90095, USA. s . . . .
ribitol phosphate conjugated to a protein carrier. The Hib-CV vac-

E-mail address: sfitzwater@mednet.ucla.edu (S.P. Fitzwater). . . o
! Present address: Department of Pediatrics, University of California Los Angeles, cines that are Currently available were found to be over 95%

Los Angeles, CA 90095, USA. efficacious in preventing invasive disease (confirmed etiology in
2 Present address: Sri Ramachandra Medical College and Research Institute blood, CSF, or normally sterile body fluid), of which meningitis is
(Deemed University), Chennai, India. the most lethal manifestation and results in serious neurological

3 Present address: Mehta Multispecialty Hospital India Pvt. Ltd. Chennai, India.

https://doi.org/10.1016/j.vaccine.2019.01.080
0264-410X/© 2019 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2019.01.080&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.vaccine.2019.01.080
http://creativecommons.org/licenses/by/4.0/
mailto:sfitzwater@mednet.ucla.edu
https://doi.org/10.1016/j.vaccine.2019.01.080
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine

S.P. Fitzwater et al. /Vaccine 37 (2019) 1608-1613 1609

sequelae in 30 to 40% of cases [2-4]. Hib-CV was licensed in the
USA in 1990. Subsequently, there was rapid uptake of the vaccine
in high income countries. However, in the year 2000 only five of
the poorest countries eligible for vaccine funding support from
Gavi were using Hib-CV. By 2009, 83% of the 72 Gavi eligible coun-
tries were using the vaccine [5]. India was one of the last Gavi eli-
gible countries to introduce the vaccine.

Hib disease has remained largely uncontrolled in India where
the Hib-CV was not included in National Immunization Schedule
until Dec 2011 when the States of Tamilnadu and Kerala intro-
duced the vaccine based on the recommendation of the National
Technical Advisory Group on Immunization and the Indian Acad-
emy of Pediatrics, and as part of a stepwise national introduction
[6,7]. As of 2000, 72,000 Indian children under the age of five years
old were estimated to die of Hib disease, a number which was unli-
kely to have been reduced significantly in the absence of the Hib-
CV in the national program since the majority of these deaths occur
in the poorest children who have the least ability to purchase the
vaccine from the private sector [6,8]. Although Hib-CV was widely
used in the private sector in India and Indian manufacturers are the
leading supplier of Hib-CV globally, the vaccine’s cost prevented
widespread use in most children. Thankfully, by the end of 2015
the Hib-CV was introduced publicly in India nationwide.

Surveillance for bacterial meningitis was previously established
in four hospitals in India (Christian Medical College in Vellore,
Tamilnadu; the Institute of Child Health and Hospital for Children
in Chennai, Tamilnadu; Chhatrapati Shahuji Maharaj Medical
University in Lucknow, Uttar Pradesh and Kalawati Saran Chil-
dren’s Hospital in New Delhi) beginning July 2008 in an effort to
define the burden of meningitis due to Hib and other bacterial
pathogens, and assess the need for prevention and treatment
strategies. Details of this surveillance effort have been published
previously [9,10]. In December 2011 Hib-CV was introduced in
Tamilnadu as a part of a pentavalent combination vaccine which
included the following antigens: Diphtheria-Tetanus-Pertussis
(DTP), Hepatitis B, and Hib-CV. The surveillance was continued in
Chennai, Tamilnadu, to evaluate the impact of Hib-CV introduction
in the state.

2. Material and methods

This study took place at the Institute of Child Health and Hospi-
tal for Children (ICH & HC), a 537-bed public pediatric hospital
located in Chennai, Tamilnadu, Southern India. ICH & HC is a refer-
ral hospital and caters to the needs of patients from all over Tamil-
nadu and bordering areas of the neighboring state Andhra Pradesh.
Children admitted to the hospital between the ages >30 days to
<24 months (the ages who are at the highest risk for Hib disease)
were screened for clinically suspected meningitis through daily
surveillance in the hospital wards. Enrollment could occur at any
time during admission. Clinically suspected bacterial meningitis
was defined as acute onset fever with one or more meningeal signs
(neck stiffness, altered consciousness or other meningeal sign), fol-
lowing WHO surveillance criteria [11]. Acute fever was defined as
fever with an onset within the five days prior to presentation
which was ascertained from the child’s parent or guardian or a
documented temperature of >38°C on admission. Additional
inclusion criteria were added since meningeal signs seen in older
children and adults are rare in this age group. The presence of
one or more of the following signs prompted inclusion: seizure,
altered consciousness, bulging fontanelle, or clinical suspicion of
meningitis by the attending physician (regardless of other signs).

After enrollment clinical information including physical find-
ings and antibiotic use was obtained from the documentation in
the medical record of the child or, in the event of missing informa-

tion, was obtained from the patient’s caregiver. Demographic data
was obtained by interviewing the patient’s caregiver. Vaccination
records were obtained from the patient’s vaccination card, includ-
ing DTP and Hib-CV immunization status. Severe malnutrition was
defined by WHO criteria as a weight to age Z-score greater than
three standard deviations below WHO average [12]. Final diag-
noses and outcomes were recorded from the discharge records.
Lumbar puncture (LP) was performed after obtaining consent from
the guardian. LP kits were provided to the physicians, and an indi-
vidual from the laboratory was present at the time when the pro-
cedure was performed to ensure the immediate transport and
processing of the specimen. Patient care was provided by regular
clinical staff following the hospital’s standard of care.

Cerebrospinal fluid (CSF) samples were analyzed for protein,
glucose, total white blood cell count (WBC), Gram stain, and cul-
tured for bacterial pathogens using chocolate agar plates incubated
in a CO, enriched atmosphere. Samples with abnormal CSF findings
(CSF with >10 WBC per mm?) were further examined using a latex
agglutination test (LAT) kit with assays specific for Hib, Streptococ-
cus pneumoniae, Group B Streptococcus (GBS), Escherichia coli K1,
and Neisseria meningitidis groups A, B, C, Y and W135 (Directigen™
Meningitis Combo Test; Becton, Dickinson and Company). The LAT
was added in addition to culture as Indian studies and prior expe-
rience demonstrated that most patients would be treated with
antibiotics prior to LP, cultures yields would be low, and that LAT
provided rapid determination of the etiology of bacterial meningi-
tis [10,13-15]. The LAT kits were tested during every run with the
manufacturers provided negative controls and every 15 days with
the manufactures provided positive controls. The kits were tested
with known positive bacterial isolates on arrival to the clinical lab-
oratory and if any concerns were brought up on specific cases. If
the CSF volume obtained was limited, the available CSF was prior-
itized for sequential testing with WBC, LAT, and biochemistry. CSF
bacterial culture was not prioritized as prior experience showed
limited sensitivity for detecting bacterial meningitis in this popula-
tion [9,10]. LAT could also be performed at the attending physi-
cians request, regardless of other CSF findings, if the clinical
suspicion for bacterial meningitis was high.

Cases of clinically suspected meningitis were categorized based
on the laboratory findings; confirmed bacterial meningitis (posi-
tive culture and/or LAT for a known bacterial pathogen), probable
meningitis (either >100 WBC per mm?, or 10-99 WBC per mm°
with raised protein concentration [>100 mg/dL] or lowered glu-
cose concentration [<40 mg/dL], or visually cloudy CSF with no
confirmed pathogen), and aseptic meningitis (>10 WBC per mm?,
not fitting criteria for probable or confirmed bacterial meningitis).

January 2009 to March 2012 was considered the pre-
introduction period based on Hib-CV immunization rates in clini-
cally suspected meningitis cases. Even though the vaccine was
introduced in December 2011, we chose to consider April 2012
as the start of the post-vaccine period since prior to April the pro-
portion of children with clinically suspected meningitis who
received any Hib-CV remained flat and starting in April a sharp rise
in vaccination was noted. The ratio of case numbers before and
after introduction were calculated using the number of cases
before introduction divided by the number of years, divided by
the number of cases after introduction divided by the number of
years. Technical assistance and on-site evaluation were provided
by staff from the Department of International Health, Johns Hop-
kins Bloomberg School of Public Health (JHSPH), and assistance
with improving laboratory procedures by Christian Medical Col-
lege, Vellore, India. Informed consent was obtained from the child’s
caregiver prior to obtaining pre-admission clinical history, demo-
graphic data, and for sample processing. Ethical clearance was
obtained from the Institutional Review Board at the ICH&HC, Johns
Hopkins University, and from the International Clinical Epidemiol-
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ogy Network. Data were managed using Access 2007® (Micro-
soft®), and analyzed using Excel 2007® (Microsoft®) and Stata IC
10© (StataCorp). The pre and post introduction demographic indi-
cators were compared using the chi-squared test, and the ratio of
case numbers were compared using Fisher’s two-sided exact test.

3. Results

Between January 2009 and March 2014, 4,770 children with
clinically suspected meningitis were enrolled (Table 1). A combina-
tion of fever, seizures, and altered consciousness were the most
common indicators for suspicion of meningitis; a more thorough
description of the clinical characteristics of suspected meningitis
in this population has been described previously [9]. LAT was per-
formed on 608 CSF samples; 337 tests were performed on CSF with
>10 WBCs per mm> and 271 were done CSF on samples with
<10 WBCs per mm?>. Of the CSF 365 samples with a WBC
>10 WBC per mm?, 92% were tested with the LAT. Of the children
with clinically suspected meningitis, 148 (3.7%) were found to have
CSF findings consistent with aseptic meningitis, while 136 (3.5%)
children were found to have CSF findings of probable bacterial
meningitis without a confirmed bacterial pathogen. The LAT was
positive in 75 (22.3%) of the 337 samples with a WBC > 10 per
mm? and in three (1.1%) of the 271 samples with a WBC < 10 per
mm?. The three positive LAT results (one each of S. pneumoniae,
Hib, and GBS) from patients with low WBC findings were felt to
be false positives by the attending physicians but have been
included in this analysis as they fit study criteria for inclusion.
There were 12 positive CSF cultures. All cultures that were positive
for pathogens on the LAT were also positive based on LAT results
for the same pathogen (two S. pneumoniae, one Hib, and one N.
meningitidis). Over the course of the surveillance period, 87 cases
of bacterial meningitis were confirmed, 1.8% of all clinically sus-
pected meningitis. Hib accounted for 43 cases of confirmed bacte-
rial meningitis. Most Hib cases (93%) occurred in a bell-shaped
distribution between the ages of one and ten months (Fig. 1), with
the peak occurring at six months of age. S. pneumoniae, the second
most commonly identified pathogen, accounted for 25 cases.
Across the study period 266 (5.6%) of clinically suspected meningi-
tis cases, 13 (8.8%) children with aseptic meningitis, 23 (16.9%)
with probable bacterial meningitis, and 23 (26%) confirmed bacte-
rial meningitis died. Among confirmed bacterial meningitis cases
there was clear variation in fatality rates based on pathogen: 32%
of children with S. pneumoniae meningitis died, while 14% of chil-
dren with Hib meningitis died.

Several demographic and clinical characteristics remained the
same before and after introduction, including gender distribution
and maternal education (Table 2). Post introduction cases were rel-
atively younger, with mean age of 10.2 in pre and 9.2 months post
introduction periods respectively, and with a higher proportion of
severely malnourished children (14% and 17%, respectively,
p =0.004). A higher proportion of children had a LP performed in
post introduction period compared to pre-introduction period
(pre and post introduction 79% versus 92%, p < 0.001), as well as
a higher proportion of children receiving antibiotics prior to LP in
the post introduction period (73% versus 85%, p < 0.001). Vaccina-
tion with one or more DTP shots over all ages was similar, but full
vaccination with three DTP shots was lower post introduction (78%
versus 73%, p < 0.001). DTP coverage in older infants was excellent.
Throughout the surveillance period, the proportion of children
immunized with at least one dose of the DTP vaccine remained rel-
atively steady at approximately 90% (Fig. 2), and 97% of children
12 months and over were fully vaccinated with three DTP doses,
which is well above the Tamilnadu state average for urban children
in this age range, 85% [16].

Table 1
Summary of meningitis surveillance.
Meningitis category Total
Clinically suspected: 4,770
Aseptic 148
Probable bacterial 136
Confirmed bacterial: 87
Hib 43
S. pneumoniae 25
Group B Streptococcus 7

Neisseria meningitidis
Pseudomonas sp.
Acinetobacter sp.
Other’

" Citrobacter freundii, Enterobacter sp., Klebsiella sp.,
Salmonella paratyphi, Salmonella sp.

12

Number of Hib cases
(o)}

1to2 3to4 5to6 7to8 9tol0 11to12 13to18 19to23

Age in months

Fig. 1. Age distribution of confirmed Hib meningitis cases.

Prior to April 2012, vaccination with at least one dose of Hib-CV
in children presenting with clinically suspected meningitis
remained relatively uncommon but steady near 8%. The proportion
of children vaccinated with at least one dose of Hib-CV increased
steadily from 35% in April 2-12 to 85% in September 2013, after
which it remained constant (Fig. 2). An average of 69% children
were immunized with at least one Hib-CV over this time, while
53% were fully vaccinated with three doses. Introduction occurred
in both older and younger infants. In the introduction period 52% of
children under 12 months old and 55% of children 12 months and
older were fully vaccinated with 3 doses of Hib-CV.

The average number of children with aseptic meningitis identi-
fied remained relatively stable at 28.2 per year, with no significant
difference between the pre and post introduction periods
(p=0.954). However, the average number of probable bacterial
meningitis cases identified was higher before the introduction of
the Hib-CV compared to after; 31.1 and 17.5 per year, respectively,
a reduction of 43.7% (95% CI:16.5, 62.8%, p = 0.002) (Table 3). After
the introduction of Hib-CV, the number of Hib meningitis cases
was dramatically reduced (Fig. 2). Between January 2009 and April
2012, the average annual number of Hib meningitis cases identi-
fied was 11.7. After introduction of Hib-CV, the yearly average
number of Hib cases was 2.5; a 78.6% (95% CI: 45.6, 93.4%) reduc-
tion comparing pre and post introduction periods (p < 0.001). The
proportion of confirmed bacterial meningitis cases that was due
to Hib decreased from 55% to 28% in the post-Hib vaccination per-
iod. The average annual number of S. pneumoniae cases remained
similar between pre and post introduction, with 4.8 identified
yearly. Comparing pre and post introduction hospitalization rates,
Hib-CV prevented 9.2 cases of Hib meningitis and 13.6 cases of
probable meningitis per year at the Institute of Child Health, Chen-
nai, India.
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Table 2
Comparison of demographic and clinical characteristics of suspected bacterial meningitis patients from pre-Hib-CV introduction and post Hib-CV introduction eras.
Pre Hib-CV (%) Post Hib-CV (%) P value
Total enrolled 3,181 1,589
Female 1,342 (42%) 676 (43%) 0.808
Age > 12 months 1,297 (41%) 537 (34%) <0.001
Severe malnutrition 440 (14%) 270 (17%) 0.004
Maternal education, >primary 2,390 (77%) 1,186 (75%) 0.078
DTP, >1 dose 2,851 (90%) 1,415 (90%) 0.511
DTP, 3 doses 2,525 (78%) 1,165 (73%) <0.001
Hib-CV, >1 dose 242 (8%) 1,088 (69%) <0.001
Hib-CV, 3 doses 167 (5%) 842 (53%) <0.001
Antibiotics prior to LP 1,819 (73%) 1,239 (85%) <0.001
LP with CSF 2511 (79%) 1,464 (92%) <0.001
" Denominator excludes missing data.
™ Chi squared comparing pre-versus post vaccine introduction values.
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Fig. 2. Quarterly cases of Hib meningitis relative to immunization coverage with one or more doses of Hib-CV or DTP.
Table 3
Trends in meningitis in the pre and post Hib-CV introduction eras.
Meningitis Category Cases per year Reduction P value’
Pre Hib-CV Post Hib-CV
Aseptic 283 28.0 1% 0.954
Probable bacterial 31.1 17.5 44% 0.002
Confirmed bacterial 21.2 9.0 58% <0.001
Hib 11.7 2.5 79% <0.001
S. pneumoniae 49 4.5 8% 0.845

" Two-sided exact test of ratio of case numbers.

The average number of children who were identified that did
not meet criteria for aseptic, probable bacterial, or confirmed bac-
terial meningitis decreased from 906 to 740 per year before and
after introduction, a reduction 18.3% (95% CI: 13.0, 23.3%,
p<0.001). There was a peak in enrollment the second half of
2009 coinciding with a global influenza pandemic, at which time
this category of case identification reached the equivalent 1374
cases per year. Excluding this time frame, pre-introduction yearly
identification rate was 818 for patients who did not meet criteria
for aseptic, probable bacterial, or confirmed bacterial meningitis,
resulting in a reduction 8.8% (95% CI: 2.6, 14.7%, p = 0.006) compar-
ing pre to post introduction time frames.

Four cases of Hib meningitis occurred in children who had
received Hib-CV; one prior to regional vaccine introduction in
Tamilnadu and three after introduction. Two received a full course
of three doses of Hib-CV vaccine, one received two doses, and one
received one dose. The partially vaccinated children were incom-
pletely vaccinated for their age based on the Indian immunization
schedule (3 doses given at 6, 10 and 14 weeks of age).

4. Discussion

This is the first study to demonstrate the effectiveness of the
introduction of Hib-CV in the Indian National Immunization
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Schedule. The rapid impact seen in this study within a two year
period is a credit to the excellent immunization system in place
in Tamilnadu, which has maintained basic pediatric vaccination
coverage >90% for decades and has facilitated the early introduc-
tion of the pentavalent Hib-CV, DTP, hepatitis B vaccines [17]. It
also demonstrates the potential impact that the Hib-CV could have
throughout India, where greater than 20% of the global Hib mor-
bidity and mortality occurs.

The impact on Hib disease seen in this study from India is com-
parable or superior to that what has been observed with introduc-
tion of the Hib-CV in other low-income countries. After
introduction of Hib-CV in Kenya a 47% reduction in the incidence
of invasive Hib disease in children under 12 months old was seen
in the first year, which increased to 89% in the second year [18].
In Mali, the incidence of invasive Hib disease in children aged
24 months old was reduced by only 19% after the first year of intro-
duction but improved to 67% and 81% reduction after the second
and third years of introduction, respectively [19]. In neighboring
Bangladesh a 83% drop in the incidence of Hib meningitis was seen
1 year after introduction, but the analysis was restricted children
less than 1 year old [20]. After five years invasive Hib disease
was reduced by greater than 99% in the United States and in The
Gambia [21,22]. It is likely that Tamilnadu will see similar reduc-
tions due to the consistently high primary immunization rate.

One of the major benefits of Hib-CV is the large herd effect,
which is thought to be due to reduction in transmission of the
organism since the vaccine is known to have significant impact
on reducing nasopharyngeal colonization with Hib [21]. A 10%
higher reduction in Hib meningitis was seen when compared to
the overall vaccination coverage with one Hib-CV dose during
the study period or 26% higher reduction if full vaccination with
3 doses of Hib-CV is used. The magnitude of the effect is similar
to what has been seen in other studies [23,24], including an earlier
study in Vellore, south India which noted a 65% reduction in yearly
Hib disease with a 35% private vaccination coverage of Hib-CV in
children less than two years of age, without a significant change
in the number of S. pneumoniae cases [25]. Similarly, no decrease
in the yearly S. pneumoniae cases was seen in this study after
Hib-CV introduction. Combined, these observations are suggestive
of herd immunity from vaccination, but are not conclusive given
that this study was not designed to evaluate herd immunity.

The reduction in probable bacterial meningitis is like what has
occurred in other nations. A study from Uganda noted a 53% (95%
Cl: 11,68) reduction in probable bacterial meningitis without con-
firmation of a pathogen [26]. A hamlet randomized trial in Indone-
sia found that Hib-CV prevented 16 Hib meningitis cases per
100,000 child years, but prevented nearly twice as many cases of
probable bacterial meningitis without confirmation of a pathogen;
31 per 100,000 child years [27]. In Bangladesh a 30% reduction in
the incidence of purulent meningitis was noted in children under
one year old within the first year of Hib-CV introduction, with no
drop in S pneumoniae meningitis [20]. These studies suggest that
a large proportion of Hib meningitis cases were not detected,
which is thought to be due to a combination of low lumbar punc-
ture rate in children with suspected meningitis, limited access to
laboratory facilities, low quality diagnostic technique, and exten-
sive antibiotic use prior to obtaining CSF for analysis [28]. In the
present study, the reasons for the relatively high culture negative
probable bacterial meningitis rate is likely due to the large propor-
tion of children who received antibiotics prior to collection of CSF
(77% of enrolled patients), leading to sterilization of CSF before the
etiological agent could be detected. The reduction in probable bac-
terial meningitis after Hib-CV introduction strongly suggests that a
significant number of these cases might have been due to Hib.

This study has several limitations. First, certain demographic
changes were noted in the population before and after introduction

which could hypothetically change the trend of Hib disease. How-
ever, most of the changes (higher proportion of children less than
12 months old, severe malnutrition, and increase in the number of
LPs done) could reasonably be expected to increase Hib disease or
Hib disease detection while the increase in antibiotics prior to LP
would be expected to decrease identification. However, although
the changes were statistically significant, they were proportion-
ately small and unlikely to account for a dramatic shift. Addition-
ally, parent reporting, which is known to be less accurate, was
used to discern signs, symptoms, and pre-hospitalization antibi-
otics when documentation was not available. However, this is unli-
kely to have led to missed meningitis cases, given that the basic
signs of fever, altered mental status, and seizures are readily dis-
cernable by parents. Parents are more likely to over report such
symptoms, rather than under report them.

A decrease was seen in patients identified who did not fit asep-
tic, probable bacterial, or confirmed bacterial meningitis case def-
initions was seen after the introduction of Hib-CV. Some the
difference seen may be accounted for by an increase in enrollment
that was seen during the HIN1 influenza pandemic, which took
place in the second half of 2009 [29]. Excluding this time frame,
an 8.8% decrease was noted. It is not clear why this decrease
occurred. Hib-CV would be expected to impact hospital admission
for pneumonia to some extent, but this study was not designed to
assess the impact of Hib-CV on disease beyond meningitis. More
likely explanations include changes in local healthcare (although
there as there were no new hospitals, changes to public insurance,
or changes in referral flow that the authors are aware of) or natural
yearly variation in hospital admission rates.

The culture positive rate was exceedingly low, and diagnosis of
bacterial pathogens relied on LAT results, raising concerns that
many positive LAT results may be false positives. However, 271
LATs were performed on patients with low CSF WBC counts (<10
per mm°), three of which were positive by LAT and could be rea-
sonably considered clear false positive. This suggests good overall
specificity of the test. Unfortunately, it was not possible to calcu-
late the incidence of Hib and other bacterial meningitis using a
catchment area denominator because ICH & HC is a referral hospi-
tal for Tamilnadu and the bordering areas of Andhra Pradesh. The
proportion of children vaccinated with Hib-CV remained lower
than vaccination with DTP at the end of the study. The reason for
this in not known but could potentially be caused by persistence
of DTP in public vaccine stocks, private vaccination with DTP alone,
incomplete catchup vaccination, or a combination of these factors.

Even though Hib meningitis disease has a very high mortality
rate and sequelae among survivors, Hib causes far more cases of
pneumonia than meningitis, which was not assessed in this study
and has yet to be evaluated in India. Previous Indian studies have
shown that Hib accounted for 13 to 19% of pneumonia [6]. A global
meta-analysis found Hib-CV to be 21% (95% CI: 3, 36) effective
against radiographically conformed pneumonia [1]. It is likely that
Hib-CV will have a similar impact on pneumonia in India. The
potential impact of Hib-CV on reducing morbidity and mortality
from pneumonia is a major impetus for the sustained use of this
vaccine. Finally, the success of the introduction of Hib-CV demon-
strates that Indian states can effectively introduce new vaccines to
the public immunization systems. Other newer vaccines that are
likely to have a high impact on childhood morbidity and mortality,
such as the pneumococcal conjugate vaccine and rotavirus vacci-
nes, should be strongly considered for introduction.

5. Conclusions

This study demonstrated the rapid impact of Hib-CV in reducing
Hib meningitis and probable bacterial meningitis lacking confirma-
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tion of a pathogen. Since the end of 2015, Hib-CV has been intro-
duced in all states in the country. Therefore, a substantial drop in
Hib meningitis cases can be expected in India.
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