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Abstract 

Background: Streptococcus pneumoniae and Haemophilus influenzae type b  (Hib) is a 

leading cause of bacterial  pneumonia, meningitis,  and sepsis in children under 5-year 

of age .  This study aims to estimate potentially preventable number of cases and deaths caused by 

Hib and pneumococcal in Iran.  

Materials and Methods: We used the burden of diseases model estimates of the World Health 

Organization (WHO) to calculate the number of cases and deaths caused by Streptococcus 

pneumoniae and Haemophilus influenzae in children less than 5 years old. Efficacy of Hib and 

pneumococcal vaccine was obtained from literature. Vaccine coverage was cited of published 

report from Ministry of Health and Medical Education Iran (National Committee on 

Immunization).  Hib and Streptococcus pneumoniae diseases burden was obtained from the WHO 

global burden of disease project.  

Results: We found that  the number of potentially preventable cases and deaths from meningitis 

caused by Hib among under five years old children in 2013 were 5,414 (95% confidence intervals 
[CI]: 2838, 11630), and 61 (95% CI: 31, 93), respectively. Estimated number of Streptococcus 

pneumoniae related pneumonia cases in 2010 and 2013 were 37,732 (95% CI: 22,183, 58,334), and 

30,728 (95% CI: 17,023, 50,412), respectively. The corresponding values for pneumonia related 

deaths from Streptococcus pneumonia were 438 (95% CI: 257, 677), in 2010 and 356 (95% CI: 197, 

586), in 2013.  

Conclusions: Findings favor the effects of both Hib and Pneumococcal conjugate vaccine (PCV) in 

reducing the burden of disease and death in Iran. Policy makers are advised to introduce PCV to 

National immunization program. 
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1- INTRODUCTION  

     Streptococcus pneumoniae is the major 

cause of bacterial pneumonia, meningitis 

and Septicemia in children around the 

world (1). Pneumococcal is a major cause 

of pneumonia and death among children 

under five years old in developing 

countries (2-4). Streptococcus pneumoniae 

is the most common etiologic agent of 

bacterial meningitis in America. 

Haemophilus influenzae type b (Hib) is 

known as one of the major causes of 

meningitis and bacterial pneumonia spread 

among in children, and 90% of the 

patients with meningitis are under five 

years old (5).  

Meningitis is one of the major causes of 

death of 180,000 children under five years 

old per year and 20 percent of survivors 

experience the resulted long-term 

complications and disabilities (6, 7). It is 

estimated that more than 1,200,000 people 

are diagnosed with bacterial meningitis 

annually. Bacterial meningitis incidence 

and mortality is different in terms of 

region, country, pathogens and age groups. 

Therefore, having access to accurate 

information, getting aware of the disease 

situation and predicting its process play an 

important role in preventing and reducing 

the symptoms of the disease (8).  

Pneumococcal polysaccharide vaccine is 

prescribed to prevent from pneumococcal 

disease in some high-risk groups including 

people over 65 years old, those with no 

spleen, those who are alcoholics and 

smokers in the United States of America 

(USA) (9). At the end of 2014, Conjugated 

Haemophilus Influenzae vaccine was 

included in routine vaccination schedule 

and its part of the Childhood 

Immunizations Program in 192 countries. 

Moreover, 130 countries around the world 

have introduced Pneumococcal Conjugate 

Vaccine (PCV), in the national 

immunization program and six countries 

planned to PCV introduction (10).  

Iran has introduced the pentavalent 

vaccine (a combination of five vaccines in 

one: diphtheria, tetanus, whooping cough, 

hepatitis B and Hib( to national 

immunization program in December 2014 

and performed the necessary planning for 

the inclusion of PCV (11). Potential 

impacts of Hib including bacterial carriage 

reduction and providing herd immunity 

among target population of Hib vaccine 

were shown in published literature (12, 

13). Consider to the role of both 

Streptococcus pneumoniae and Hib 

carriage and the risk of antimicrobial 

resistance among non-vaccinated 

population, it is necessary to implementing 

preventive measures (14-16).  

Accordingly, this study aimed to estimate 

the number of deaths caused by Hib and 

Streptococcus pneumoniae spread among 

children less than five years old in Iran. 

2- MATERIALS AND METHODS  

     The study population was children 1-59 

months of Iran and study design was a 

cross-sectional study. We used the 

methodology of WHO to estimate the 

potential preventable number of cases and 

deaths associated with pneumococcal 

diseases and Hib as summarized in 

Table.1 (17).  

In 2009, WHO published global, regional 

and country-specific estimates of the 

burden of pneumococcal and Hib disease 

as part of a Global Burden of Disease 

(GDB) project (18). This project provided 

the number of cases and deaths per year of 

pneumococcal and Hib meningitis, 

pneumococcal and Hib pneumonia, and 

non-pneumonia, non-meningitis invasive 

pneumococcal and Hib disease. These 

numbers were calculated by modelling 

available country-level data from well-

conducted disease burden studies, 

aggregating these data to derive regional 

and global estimates, and applying 

estimates of the proportion of pneumonia 
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caused by Hib or pneumococcus to the estimated number of overall cases of 

Pneumonia. The estimates give the burden 

of disease in 2000 before widespread 

global use of PCV and Haemophilus 

Influenzae type b Conjugate Vaccine 

(HibCV). These estimates can be useful in 

estimating the number of cases and deaths 

potentially averted by a vaccination 

programme in a particular country, 

especially where local data are not 

available. The impact of PCV and HibCV 

on pneumonia can be extrapolated by 

applying the ratio of pneumococcal 

pneumonia to meningitis cases to the 

measured impact on purulent or 

laboratory-confirmed pneumococcal 

meningitis.  

The ratio of pneumococcal pneumonia to 

meningitis cases can be estimated based on 

a review of pneumococcal clinical trials, 

surveillance data from other countries and 

WHO Global Burden of Disease (WHO 

GDB) project (19). The number of birth 

per year (2010- 2013), and monthly (April-

March) was extracted from National 

Organization for Civil Registration 

(NOCR) official website (20).  

Effectiveness of PCV and Hib vaccines 

was obtained through the analysis of the 

published literature related to vaccine 

efficacy. In this study, the efficacy of Hib 

vaccine adopted from the study of Moradi 

Lakeh et al. was considered to be 84% (13, 

21). Efficacy for pneumococcal vaccine 

based on the study of Andrews et al. in the 

UK was 75% (22).  

Hib vaccine was included in the Iranian 

immunization program, also known as 

Expanded Immunization Program (EPI), 

along with diphtheria, tetanus, pertussis 

and hepatitis B under the trade name of 

pentavalent in December 2014 and it was 

injected to 2, 4 and 6 months old babies. In 

this study, the third coverage of DPT and 

Hepatitis B vaccines was used as proxy for 

pentavalent. The vaccine coverage for all 

vaccines in the country in June 2014 was 

more than 95% (23). PCV was injected 

four times (two, four, six months old and a 

booster dose at 12 or 15 months). PCV 

was not included in the EPI and not 

inoculated at the time of this study. In case 

of the decision of policymakers regarding 

PCV introduction to EPI, it is logical to 

refer to pentavalent vaccine coverage. 

Accordingly, we estimated PCV coverage 

as the same as pentavalent vaccine. The 

burden of disease and death from 

meningitis and pneumonia caused by 

Haemophilus influenzae and Streptococcus 

pneumoniae spread among children under 

five years old was extracted from the 

WHO Global Burden of Disease project 

(GBD Compare) and UNICEF in 2013, 

2010, 2005 and 2000 (19). 

Burden of disease and death from sepsis 

caused by Haemophilus influenzae and 

pneumococcus could not be calculated due 

to the lack of the required data. The only 

data available on the number of deaths due 

to neonatal sepsis is related to all cases 

from 2007 to 2011.  

The number of cases was estimated by 

multiplying the expected performance of 

Hib vaccine by diseases burden of 

meningitis and pneumonia. Corresponding 

values of the number of deaths caused by 

pneumococcal were estimated by 

multiplying the expected performance of 

pneumococcal vaccine by coverage and 

death burden of meningitis and 

pneumonia.  

The exclusion criterion in this study was 

infants under one month. Accordingly, we 

recruited children less than 5 years of age 

(1-59 month) in our estimations. 

Descriptive statistics and Excel 

spreadsheet program were used for data 

analysis. All of the main estimations 

around estimated numbers of cases and 

death were reported using 95% confidence 

intervals (CI). 
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Table1: WHO methodology to estimate potential preventable number of cases and deaths associated 

with pneumococcal diseases and Haemophilus influenza in Iran (24)  

Expected 

vaccine 

effectiveness or efficacy 

Pneumococcal 

and 

Haemophilus 

influenza 

vaccines (3rd 

dose) 

coverage in 

the country 

National 

estimate of 

severe invasive 

bacterial 

disease 

cases caused 

by vaccine 

serotypes 

pneumococcus 

and 

Haemophilus 

influenzae 

National 

estimate 

of invasive 

bacterial 

disease deaths 

from 

pneumococcus 

and 

Haemophilus 

influenza 

Estimated no. 

of 

severe 

invasive 

bacterial 

disease cases 

averted  by 

pneumococcal 

and 

Haemophilus 

influenza 

Estimated no. 

of invasive 

bacterial 

disease deaths 

averted by 

Pneumococcal 

and 

Haemophilus 

influenza 

(A) (B) ( C ) (D) =A * B * C =A * B * D 

90%–95% 

for serotype specific 

invasive 

pneumococcal or Hib 

disease * 

Obtained by 

the recorder 

local data or 

Ministry of 

Health official 

statistics ** 

Obtained by the 

overall 

estimates of 

disease burden 

or local data 

Global Burden 

of Disease 

project (GBD 

Compare) *** 

Obtained by 

the overall 

estimates of 

disease burden 

or local data 

Global Burden 

of Disease 

project (GBD 

Compare) *** 

 

*Source: Published literature or local vaccine efficacy or effectiveness studies. **Source: WHO / UNICEF joint 

reporting form or country immunization records. ***WHO Global Disease Burden project. For PCV, will need 

to account for the estimated amount of pneumococcal disease caused by serotypes included in the PCV used.

 

3- RESULTS 

    We found that the number of potentially 

preventable cases and deaths from 

meningitis caused by Hib among children 

under five years old in 2010 were 6416 

(95% CI: 3683, 9170) and 73 (95% CI: 

41,103), respectively. Details are shown in 

Figure.1 and disaggregated by age groups 

(Figure.1). Such potential preventable 

cases and deaths in 2013 were estimated to 

be 5,414 (95% CI: 2838, 11630) and 61 

(95% CI: 31, 93), as well (Table.2).  

As shown in Table.2, estimated Numbers 

of pneumonia related cases, which caused 

by Hib, in 2010 and 2013 were 26,819 

(95% CI: 2685, 55993) and 22,186 (95% 

CI: 2222, 46651), respectively. The 

corresponding values for pneumonia 

related deaths were 311(95% CI: 31,645) 

in 2010 and 256 (95% CI: 25,542) in 2013 

(Figure.2). In 2010, the number of cases 

and deaths from Pneumonia associated 

with Hib 409.27(95% CI: 40.98-848.98) 

and 4.75(95% CI: 0.47-9.84) per 100,000 

in 1–59 months, were estimated. This 

value for 2013 is 317.49(95% CI: 31.80-

667.60) and 3.67(95% CI: 0.36-7.75) 

(Table.2).  

In case of Streptococcus pneumoniae, we 

found that the potentially numbers of 

preventable cases and deaths from 

meningitis among children under five 

years old in 2010 were 2,996 (95% CI: 

1663, 4324) and 34 (95% CI: 18.34-

49.14), respectively. Such potential 

preventable cases and deaths in 2013, were 

estimated to be 2406 (95% CI: 1414, 3646) 

and 27 (95% CI: 15, 41), as well 
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(Table.3). As shown in Table.3 estimated 

numbers of pneumoniae related cases 

which caused by Streptococcus 

pneumoniae in 2010 and 2013 were 37,732 

(95% CI: 22,183, 58,334), and 30,728 

(95% CI: 17,023, 50,412), respectively. 

The corresponding values for pneumonia 

related deaths from Streptococcus 

pneumoniae were 438 (95% CI: 257, 677) 

and 356 (95% CI: 197, 586) in 2013, 

respectively.

 

Table-2: The number of avoidable death and disease caused by Haemophilus influenzae type B in 

2010-2013 

Year 

Expected 

vaccine 

effectiveness 

or efficacy 

Haemophilus 

influenza 

vaccines (3rd 

dose) coverage 

in the country 

National 

estimate of 

severe invasive 

bacterial 

disease 

cases caused 

by vaccine 

serotype 

Haemophilus 

influenzae 

National 

estimate 

of invasive 

bacterial 

diseases 

deaths from 

Haemophilus 

influenza 

Estimated 

number  

 of severe 

invasive 

bacterial 

disease cases 

averted  by 

Haemophilus 

influenza 

Estimated 

number 

of invasive 

bacterial 

disease deaths 

averted by 

Haemophilus 

influenza 

(A) (B) ( C ) (D) 
(E)=A * B * C 

(Per 100,000) 

(F)=A * B * D 

(Per 100,000) 

2010 84% 95% 
122.70 

(70.43-175.37) 

1.40 

(0.80-2.02) 

97.91 

(56.20-139.94) 

1.11 

(0.63-1.61) 

The number of avoidable disease and death in children under  5  years   

(meningitis) 

6416 

(3683-9170) 

73 

(41-103) 

2010 84% 95% 
512.88 

(51.36-1063.14) 

5.96 

(0.60-12.34) 

409.27 

(40.98-848.98) 

4.75 

(0.47-9.84) 

The number of avoidable disease and death in children under  5  years  

(Pneumonia) 
26819 

(2685-55993) 

311 

(31-645) 

2013 84% 95% 
97.10 

(50.91-145.91 

1.11 

(0.57-1.67) 

77.48 

(40.62-166.43) 

0.88 

(0.45-1.33) 

The number of avoidable disease and death in children under 5 years             

(meningitis) 

5414 

(2838-11630) 

61 

(31-93) 

2013 84% 95% 
397.86 

(39.84-838.60) 

4.61 

(0.46-9.72) 

317.49 

(31.80-667.60) 

3.67 

(0.36-7.75) 

The number of avoidable disease and death in children under 5 years 

(Pneumonia) 

22186 

(2222-46651) 

256 

(25-542) 

A: Efficacy of Haemophilus influenzae vaccines; B: The vaccine coverage for Haemophilus influenzae vaccines 

and DPT3; C: Estimates of burden disease caused by Haemophilus influenzae in Iran (GBD project); D: 

Estimates of burden deaths from Haemophilus influenzae in Iran (GBD project); E: Estimated number of disease 

cases averted by Haemophilus influenza; F: Estimated number of disease deaths averted by Haemophilus 

influenza.  
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Fig.1: The mortality rate of meningitis caused by Haemophilus influenzae type B and Streptococcus 

pneumoniae by age group in Iran in 2010 (18). 

 

 

 
 
Fig.2: The mortality rate of meningitis caused by Haemophilus influenzae type B and Streptococcus 

pneumoniae by age group in Iran in 2013 (18). 
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Table-3: Number of avoidable death and disease caused by pneumococcus in 2010-2013 

Year 

Expected 

vaccine 

effectiveness 

or efficacy 

Pneumococcal 

vaccines (3rd 

dose) coverage 

in the country 

National 

estimate of 

severe invasive 

bacterial 

disease 

cases caused 

by vaccine 

serotypes 

pneumococcus 

National 

estimate 

of invasive 

bacterial 

disease deaths 

from 

pneumococcus  

Estimated no. 

of 

severe 

invasive 

bacterial 

disease cases 

averted  by 

pneumococcal  

Estimated no. 

of invasive 

bacterial 

disease deaths 

averted by 

Pneumococcal  

(A) (B) ( C ) (D) 
E=A * B * C 

(Per 100,000) 

F=A * B * D 

(Per 100,000) 

2010 75% 95% 
64.17 

(35.62-92.62) 

0.73 

(0.40-1.06) 

45.72 

(35.37-65.99) 

0.52 

(0.28-0.75) 

The number of avoidable disease and death in children under  5  years    

(meningitis ) 

2996 

(1663-4324) 

34 

(18.34-49.14) 

2010 75% 95% 

808.16 

(474.46-

1249.43) 

9.39 

(5.51-14.51) 

575.81 

(338.52-
890.21) 

6.69 

(3.92-10.33) 

The number of avoidable disease and death in children under 5 years 

(Pneumonia) 

37732 

(22183-58334) 

438 

(257-677) 

2013 75% 95% 
48.40 

(28.40-73.24) 

0.54 

(0.31-0.83) 

34.48 

(20.23-52.18) 

0.38 

(0.22-0.59) 

The number of avoidable disease and death in children under 5 years            

(meningitis ) 

2406 

(1414-3646) 

27 

(15-41) 

2013 75% 95% 

617.18 

(341.91-

1012.54) 

7.16 

(3.97-11.77) 

439.74 

(243.61-

721.43) 

5.10 

(2.82-8.38) 

The number of avoidable disease and death in children under 5 years 

(Pneumonia) 

30728 

(17023-50412) 

356 

(197-586) 

A: Efficacy of Pneumococcal vaccines; B: The vaccine coverage for Pneumococcal vaccines and Hib vaccine; 

C: Estimates of burden disease caused by pneumococcus in Iran (GBD project); D: Estimates of burden deaths 

from pneumococcus in Iran (GBD project); E: Estimated number of disease cases averted by pneumococcus; F: 

Estimated number of disease deaths averted by pneumococcus. 

 

4- Discussion 

    This study was performed to estimate 

the number of infections and avoidable 

deaths of meningitis, pneumonia and 

septicemia caused by Hib and 

Streptococcus pneumoniae spread among 

children under five years old in 2010-

2013; the results of this study showed that 

the bacterial agents Hib, and Streptococcus 

pneumoniae were the most common 

causes of meningitis, pneumonia and 

septicemia in a population study and the 

burden of disease and death in country is 

remarkable. So that in 2010, in average, 

the number death cases of meningitis 

caused by Hib and Streptococcus 

pneumoniae in Iran was 73 and 34, 

respectively; in 2013, 61 and 27 was 

obtained. The number of death cases of 

Pneumonia caused by Hib and 

Streptococcus pneumoniae in 2010 was 

311 and 438, respectively; in 2013, 256 

and 356 have been estimated. The average 

number of meningitis cases caused by Hib 

and Streptococcus pneumoniae in the Iran 

was 6,416 and 2,996 in 201 and 5,414 and 

2,406 estimated in 2013. The number of 

pneumonia cases caused by Hib and 

Streptococcus pneumoniae in 2010 was 

26,819 and 37,732, respectively; in 2103, 

22,186 and 30,728 have been estimated.  
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For each 100,000 children form 1-59 

months in 2010, the numbers of cases of 

infections and avoidable deaths due to 

meningitis caused by Hib were 97.91 and 

1.11 and the numbers of cases of 

pneumonia caused by Hib were 409.27 and 

4.75 and the estimation for pneumococcal 

pneumonia was 45.72, 575.81 and 6.69 

cases, every hundred thousand children 

under five years old. In 2013, the numbers 

of infections and avoidable death cases of 

meningitis caused by Hib were 77.48 and 

0.88 cases and the pneumonia caused by it 

was 317.49 and 3.67 cases, and this 

estimation for pneumococcal pneumonia 

was 34.48, 0.38, 439.74 and 5.10 cases.  

Because of the unavailability of data on 

mortality, incidence, prevalence and death 

rates, it was not possible to estimate the 

number of infections, death cases and lost 

years due to sepsis caused by Hib. The 

results showed that Hib and Streptococcus 

pneumoniae are the main causes of 

meningitis, pneumonia and sepsis in 

children under five years old and have a 

relatively high burden of disease and 

death. According to the World Health 

Organization recommendation, this 

estimation method is essential to ensure 

the continued immunization with 

pentavalent vaccine (25, 26). According to 

the estimations of incidence and mortality 

caused by Hib, adding the vaccine to the 

country program is essential and it should 

be continued.  

In this study, the numbers of infections and 

avoidable death cases of meningitis and 

pneumonia caused by pneumococcal in 

children under five years old in 2010 were 

40,728 and 472; and 33,134 and 383 cases 

in Iran in 2013 which is consistent with the 

study of Brien et al. in 2009, and they 

estimated the number of infections and 

avoidable deaths caused by Streptococcus 

pneumoniae in children under five years 

old and it was 14.5 million and 826,000 

cases in the world in 2000 (1). Also, in the 

present study, the numbers of infections 

and avoidable deaths of meningitis and 

pneumonia caused by Hib in children 

under five years old in 2010 were 33,235 

and 384 cases ,and 27,600 and 317 cases in 

2013, which is consistent with the study of 

Watt et al. in 2009 and they estimated the 

numbers of infections and avoidable 

deaths caused by Haemophilus influenzae 

in children under five years old as 8.13 

million and 371,000 cases in the world in 

2000 (27). 

In Kim et al. study (2004) entitled "the 

development of Hib and other diseases 

attacking the children of South Korea", the 

incidence of invasive disease caused by 

Hib in children under five years old was 

6.8 per one hundred thousand and the 

highest age-specific incidence was in 23 

months old babies (13.6 per one hundred 

thousand), and its fatality rate was 7 

percent. By increasing the use of vaccine 

during the period under study, the number 

of children with probable and confirmed 

symptoms  decreased for  25%  which was 

consistent with the results of the present 

study in terms of mortality and incidence 

(28). According to the study of Saha et al. 

(2005), in Bangladesh 1,412 cases reported 

to have meningitis and 2,434 cases  

reported to have pneumonia, Hib was the 

major cause of 425 cases of meningitis and  

that of 455 cases of pneumonia (29) . 

Another study by Thoon et al. (2007) in 

Singapore, indicated that the most 

common symptoms of disease were caused 

by Hib, meningitis (58%) and pneumonia 

(26%) (30).  

The study conducted by Mahmoud et al. 

(2002) in the United Arab Emirates before 

Hib vaccination estimated the incidence of 

meningitis as to be 2.6 to 5.9 cases per one 

hundred thousand and of 128 reported 

meningitis, 59 (46%) cases were due to 

Hib (31). Al-Mazrou et al. (2004) 

conducted on children under five years old 

in Saudi Arabia indicated that of 208 cases 

of bacterial meningitis, 58 cases were due 

to Hib (28%) and the incidence of disease 
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was 17 cases per one hundred thousand children under five years old (32-34).  

Qotaslu et al. (2014) accounted for acute 

bacterial meningitis (ABM) as one of the 

most serious infectious diseases with 

neurological complications and 1,074 

cases of the total number of 18,163 

registered cases within 23 years, were 

consistent with the bacterial meningitis 

standards. The most common factors 

associated with ABM streptococcus 

pneumoniae was Haemophilus influenzae. 

Streptococcus pneumoniae is still the 

leading cause of bacterial meningitis (35, 

36). This study stated that the number of 

infections and deaths caused by meningitis 

and pneumonia caused by Hib and 

pneumococcus is still high in countries 

such as Iran that have not included Hib 

vaccine in their immunization programs.  

5- CONCLUSIONS  

   According to the results, the number of 

potential preventable infections and deaths 

caused by Hib and pneumococcus among 

Iranian children is high. This finding 

favors the effect of both Hib and PCV 

vaccines in reducing the burden of diseases 

and deaths in Iran. Accordingly, policy 

makers are advised to introduce PCV to 

national immunization program and 

continue to vaccinate children with the 

pentavalent vaccine. 
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