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Background. Pneumococcus is a leading cause of pneumonia and meningitis. Zambia introduced a 10-valent pneumococcal
conjugate vaccine (PCV10) in July 2013 using a 3-dose primary series at ages 6, 10, and 14 weeks with no booster. We evaluated the
impact of PCV10 on meningitis and pneumonia hospitalizations.

Methods. Using hospitalization data from first-level care hospitals, available at the Ministry of Health, and from the largest pe-
diatric referral hospital in Lusaka, we identified children aged <5 years who were hospitalized with pneumonia or meningitis from
January 2010-December 2016. We used time-series analyses to measure the effect of PCV10 on monthly case counts by outcome and
age group (<1 year, 1-4 years), accounting for seasonality. We defined the pre- and post-PCV10 periods as January 2010-June 2013
and July 2014-December 2016, respectively.

Results. At first-level care hospitals, pneumonia and meningitis hospitalizations among children aged <5 years accounted for
108 884 and 1742 admissions in the 42 months pre-PCV10, respectively, and 44 715 and 646 admissions in the 30 months post-
PCV10, respectively. Pneumonia hospitalizations declined by 37.8% (95% confidence interval [CI] 21.4-50.3%) and 28.8% (95% CI
17.7-38.7%) among children aged <1 year and 1-4 years, respectively, while meningitis hospitalizations declined by 72.1% (95%
CI 63.2-79.0%) and 61.6% (95% CI 50.4-70.8%), respectively, in these age groups. In contrast, at the referral hospital, pneumonia
hospitalizations remained stable and a smaller but significant decline in meningitis was observed among children aged 1-4 years

(39.3%, 95% CI 16.2-57.5%).
Conclusions.
cially in first-level care hospitals.
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Streptococcus pneumoniae (pneumococcus) can cause severe
infections, such as meningitis, pneumonia, and sepsis, in chil-
dren [1]. In 2008, the World Health Organization (WHO)
estimated that over half a million deaths due to pneumococcal
disease occurred globally in children <5 years of age, with 89.4%
of these deaths being related to pneumonia [2]. The highest
burden of pneumococcal deaths are in sub-Saharan Africa
and Southeast Asia [3, 4]. Human immunodeficiency virus
(HIV) is an important risk factor for pneumococcal disease
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[5]. Low-income countries with high HIV prevalence can face
a tremendous burden of invasive pneumococcal disease. A safe
and effective pneumococcal conjugate vaccine (PCV) was first
licensed in 2000 by the US Food and Drug Administration
and has been widely used in high-income countries for almost
2 decades [6, 7]. In 2007, after 2 large clinical trials in Africa
demonstrated the efficacy of PCV beyond North America and
Europe, the WHO, following the recommendations from the
Strategic Advisory Group of Experts on Immunization, adopted
a policy that all countries should introduce PCV into their in-
fant immunization programs [8-10]. With support from Gavi,
the Vaccine Alliance, many low-income countries in Africa
started introducing PCV, largely after 2010 [11].
Population-level PCV impact data on pneumonia and men-
ingitis hospitalizations in African countries that have recently
introduced PCV are limited. Population-based surveillance data
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from the Gambia, an early adopter of PCV in Africa, showed
reductions of 24% and 63%, respectively, in the incidences of ra-
diologically confirmed pneumonia with consolidation and of
hypoxic pneumonia among children aged <5 years after PCV
introduction [12]. However, the collection of robust, population-
based surveillance data is resource-intensive and difficult to im-
plement in many countries. Therefore, the use of administrative
data to measure vaccine impact has become attractive. In Rwanda,
where, similar to the Gambia, PCV7 was introduced in 2009 and
replaced by PCV13 in 2011, hospital administrative data were used
for the first time in Africa to measure PCV impact on pneumonia
and meningitis hospitalizations, and demonstrated declines sim-
ilar to those reported from population-based surveillance systems
in the Gambia and Malawi [12-14]. In high-income countries,
hospital administrative data have provided useful information on
PCV impact and have been widely used [15-17].

Zambia, a country located in Southern Africa with an HIV
prevalence of 12% among women attending antenatal care [18],
introduced 10-valent PCV (PCV10) into the routine infant im-
munization program in July 2013, using a schedule of 3 doses at
6, 10, and 14 weeks of age, with no booster dose (3 + 0 schedule)
and no catch-up campaign. Based on WHO and United Nations
International Children’s Emergency Fund estimates, PCV10
coverage for 3 doses in Zambia increased from 77% in 2014
to 90% in 2016 [19]. We used hospital administrative data to
evaluate the impact of PCV10 on pneumonia and meningitis
hospitalizations in children <5 years of age in a country with a
high HIV prevalence.

METHODS

Data Sources
Zambia is divided into 10 administrative provinces and has a
total population of 13.1 million people, of whom 2.2 million are
children <5 years of age [20]. Each province has at least 1 provin-
cial general hospital, 5 to 15 district hospitals, and 1 to 182 urban
health centers with 20-60 admission beds. Urban health centers
serve a catchment population of between 30 000 and 50 000
people, while district hospitals serve catchment populations of be-
tween 80 000 and 200 000 people [21]. The flow of administrative
data goes from the health facilities to the district health office, pro-
vincial health office, and, finally, to the Ministry of Health (MOH)
Headquarters. We used District Health Information Software
(DHIS2), an open-source health management information plat-
form, to obtain meningitis and pneumonia hospitalization data
from urban health centers, including 3 health centers in Lusaka
that were upgraded to district hospitals (Chawama, Kanyama, and
Chipata) in 2017 and that reported to MOH. No data from sec-
ondary- or tertiary-level care hospitals were available in DHIS2.
The University Teaching Hospital (UTH), a 2000-bed facility
located in Lusaka, is the largest referral hospital in Zambia, pro-
viding tertiary-level care to patients coming from all over the

country. UTH has built capacity in several specialty areas, in-
cluding pulmonary medicine, intensive care, cardiac surgery,
and orthopedics. UTH’s Department of Pediatrics and Child
Health (now Lusaka Childrens Hospital) has a 400-bed capacity
and over 10 000 admissions annually for children <5 years of age.
Approximately 85% of UTH admissions are referred from other
hospitals because of either clinical severity or the need for either
specialized services, such as pulmonary medicine, or imaging
studies, such as computed tomography. At UTH, after a patient’s
discharge or death, their medical records are sent to the Health
Management Information System Department, where discharge
codes are assigned based on the clinical diagnosis at the time of
discharge or death and are entered into an Excel database.

Definitions

For the MOH data, all discharges and deaths reported under the
DHIS2 standardized field of “respiratory infection pneumonia”
or “meningitis” for children aged <1 year and 1 to 4 years were
captured by month and year of discharge or death from 2010
through 2016.

For UTH, 10th revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-
10) codes were used to capture pneumonia and meningitis
discharges or in-hospital deaths by month and year from 2010
through 2016 among children aged <1 year and 1 to 4 years.
Although there are several ICD-10 codes available for all-cause
pneumonia and all-cause meningitis, UTH used only ICD-10
codes J18.9 (pneumonia, unspecified organism) and G03.9
(meningitis, unspecified) for pneumonia and meningitis, re-
spectively. Data for all admissions for children <5 years of age at
UTH were obtained.

The pre-PCV10 period was defined as the period from
January 2010 through June 2013, while the post-PCV10 period
was defined as the period from July 2014 through December
2016. The period from July 2013 through June 2014 was
excluded as a transition year with a low vaccine uptake.

Validation of Discharge Codes

A review of medical records coded as pneumonia and menin-
gitis from children <5 years of age was performed at UTH to de-
termine the positive predictive value (PPV) of the ICD-10 codes
in capturing our outcomes of interest. Trained sixth-year med-
ical students abstracted relevant clinical, laboratory, and radio-
logical information from a convenience sample of 90 medical
records coded as J18.9 and 61 medical records coded as G03.9
from the pre- and post-PCV10 periods, using a standardized
abstraction form. During the abstraction process, the lack of a
particular finding in the medical record was treated as no evi-
dence for that finding, rather than as missing information. An
infectious diseases physician reviewed all the abstraction forms
to determine the final diagnoses, based on a priori definitions
for pneumonia and meningitis. The case definition for a final
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pneumonia diagnosis included either (1) respiratory findings
(ie, cough, shortness of breath, or hypoxia) with a radiologic
finding listed in the medical record as pneumonia, consolida-
tion, pleural effusion, or a lung abscess; or (2) clinical docu-
mentation of pneumonia on the discharge summary. However,
due to the absence of radiology reports or chest X-ray films
during medical record reviews, only the latter definition was
applied. Final meningitis diagnoses were based on the clinical
documentation of meningitis on a discharge summary or me-
ningeal signs in a child with a history of fever. We calculated the
95% confidence interval (CI) for the PPV using Wilson’s for-
mula, as previously described [22].

Data Analysis
We fit the monthly case counts during the pre-PCV10 period
to negative binomial regression models. Separate models were
developed for each outcome and age group (<1 and 1-4 years
old). Hospitalization data based on MOH and UTH data were
analyzed separately. The models included a continuous term to
estimate the percent change in case counts by month and har-
monic terms to capture the seasonal pattern of the case counts.
The parameters estimated from the pre-vaccine time-series
model and their variance provided the predictive distribution
for post-PCV10 time-series model parameters. At each month,
from July 2014 through December 2016, we calculated 1000
predicted case counts based on 1000 random draws from the
predictive distribution of the model parameters. The median
number of cases derived from those simulations represented the
number of pneumonia or meningitis discharges or deaths ex-
pected in the absence of PCV10. The 95% confidence intervals
around the point estimates represent the 2.5th and 97.5th
percentiles of the simulations. The number of hospitalization
or deaths averted was calculated as the difference between what
was observed and what would have been expected in the ab-
sence of PCV10. The decline in hospitalizations or deaths was
calculated as the ratio of the observed to the expected data in the
post-PCV10 period. Because data on other disease conditions
were only available for UTH, we performed an additional anal-
ysis for the UTH pneumonia models, using nonpneumonia,
nondiarrhea (rotavirus vaccine was introduced in 2013), and
nonbronchiolitis hospitalizations as control conditions. In ad-
dition to the seasonal harmonic terms and the continuous indi-
cator, the adjusted UTH pneumonia models included monthly
hospitalization counts for the control conditions and an inter-
action term between the control hospitalization counts and the
continuous time indicator.

Chi-square test was used to compare case fatality ratios be-
tween pre- and post-PCV10 periods by age group.

This project was reviewed in accordance with Centers for
Disease Control and Prevention and WHO human research
protection procedures and was determined to be a nonresearch

study. The protocol was also reviewed by the Ethical Review
Committee from Zambia MOH and determined to be a public
health evaluation.

RESULTS

Pneumonia Hospitalizations

In the pre-PCV10 period (42 months), 54 706 and 54 178 pneu-
monia hospitalizations among children aged <1 year and 1-4 years,
respectively, were reported to MOH; in the post-PCV10 period
(30 months), 21 975 and 22 740 pneumonia hospitalizations
among these same age groups were reported, respectively.
Pneumonia hospitalizations peaked from January through April,
which represents the rainy season in Zambia (Figure 1). Among
infants, pneumonia hospitalizations declined by 37.8% (95% CI
21.4-50.3%), with an estimated 13 348 (95% CI 5989-22 223)
hospitalizations averted after PCV10 introduction (Figure 1A).
For children aged 1-4 years, a 28.8% (95% CI 17.7-38.7%) de-
cline in pneumonia hospitalizations was observed, leading to 9204
(95% CI 4902-14 378) hospitalizations averted in the post-PCV10
period (Figure 1B). The in-hospital case-fatality ratio for pneu-
monia went from 6.5% in the pre-PCV10 period to 5.9% in the
post-PCV10 period for children aged <1 year (P =.001) and from
3.5% pre-PCV10 to 3.1% post-PCV10 for children aged 1-4 years
(P =.001). However, based on the time-series models, no signifi-
cant changes in the number of in-hospital pneumonia deaths after
PCV10 introduction were observed (Figure 2A).

For UTH, there were a total of 6306 and 2328 pneumonia
hospitalizations among children aged <1 year in the pre- and
post-PCV10 periods, respectively. Among children aged
1-4 years, 2412 and 1072 pneumonia hospitalizations pre- and
post-PCV10 were reported, respectively. The in-hospital case-
fatality ratios for pneumonia in infants were similar between
the pre-PCV10 and post-PCV10 periods (15.3% vs. 16.3%,
respectively; P = .2), while for children aged 1-4 years, the
ratio increased from 8.8% pre-PCV10 to 15.2% post-PCV10
(P<.001). No significant changes in pneumonia hospitalizations
were observed after the PCV10 introduction for either age
group on unadjusted (Figure 1C and 1D) and adjusted time-
series models (not shown). No declines in pneumonia deaths
were observed based on the time-series models (Figure 2A).

Meningitis Hospitalizations

Among children aged <1 year, 699 and 219 meningitis
hospitalizations were reported to MOH pre- and post-PCV10
introduction, respectively. Among children aged 1-4 years,
1043 and 427 hospitalizations were reported pre- and post-
PCV10 introduction, respectively. The in-hospital case-fatality
ratios for meningitis among children aged <1 year were sim-
ilar in the pre- and post-PCV10 periods (14.9% vs. 19.6%, re-
spectively; P = .09), while for children aged 1-4 years the ratio
decreased from 12.3% to 8.6%, respectively (P =.04). Meningitis
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Figure 1.

Modeled and observed pneumonia hospitalization counts by age and month/year of discharge using MOH and UTH data, Zambia, 2010-2016. Abbreviations:

MOH, Ministry of Health; PCV10, 10-valent pneumococcal conjugate vaccine; UTH, University Teaching Hospital.

hospitalizations declined by 72.1% (95% CI 63.2-79.0%) among
children aged <1 year, with an estimated 567 (95% CI 377-825)

hospitalizations averted in the post-PCV10 period. Among chil-
dren aged 1-4 years, a decline of 61.6% (95% CI 50.4%-70.8%)
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vaccine; UTH, University Teaching Hospital.
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Figure 3. Modeled and observed meningitis hospitalization counts by age and month/year of discharge using MOH and UTH data, Zambia, 2010-2016. Impact on pneu-
monia hospitalizations post-PCV10: (4) -=72.1% (95% Cl -79.0 to -63.2%); (B) -61.6% (95% Cl -70.8 to -50.4%); (C) -11.5% (95% Cl -24.0 to 37.3%); and (0) -39.3% (95%
Cl -57.5t0 -16.2%). Abbreviations: Cl, confidence interval; MOH, Ministry of Health; PCV10, 10-valent pneumococcal conjugate vaccine; UTH, University Teaching Hospital.

was observed, with an estimated 686 (95% CI 433-1036) men-
ingitis hospitalizations averted (Figure 3A and 3B). No signifi-
cant declines in the number of meningitis deaths were observed
in either age group based on MOH data (Figure 2B).

For UTH, there were a total of 685 and 426 meningitis
hospitalizations among children aged <1 year in the pre- and
post-PCV10 periods, respectively. Among children aged
1-4 years, 459 and 196 meningitis hospitalizations pre- and
post-PCV10 introduction were reported, respectively. The
in-hospital case-fatality ratio for meningitis in infants declined
from 16.1% in the pre-PCV10 period to 11.7% in the post-
PCV10 period (P = .04), while for children aged 1-4 years,
it declined from 15.5% in the pre-PCV10 period to 10.2% in
the post-PCV10 period, but the latter decline was not statisti-
cally significant (P = .07). Meningitis hospitalizations at UTH
remained stable over time among children aged <1 year despite
the PCV10 introduction, while among children aged 1-4 years
it declined by 39.3% (95% CI 16.2-57.5%), leading to 122 (95%
CI 34-235) meningitis hospitalizations averted in this age
group (Figure 3C and 3D). The decline in meningitis cases in
children 1-4 years of age was mainly observed after April 2016.

Significant declines in in-hospital meningitis deaths were also
observed for children aged 1-4 years at UTH (Figure 2B).

Validation of Administrative Data

Of the 90 medical records reviewed with a discharge code of
pneumonia, 32 (35.6%) were from the pre-PCV10 period and
58 (64.4%) were from the post-PCV10 period. The PPV of the
pneumonia code (J18.9) was 90.6% (95% CI 73.8 -97.6%) in
the pre-PCV10 period and 86.2% (95% CI 74.1-93.44%) in the
post-PCV10 period.

For meningitis, 61 medical records were reviewed: 13
(21.3%) from the pre-PCV10 period and 48 (78.7%) from the
post-PCV10 period. The PPV of the meningitis code (G03.9)
was 100% (95% CI 71.7-100%) in the pre-PCV10 period and
89.6% (95% CI 76.5-96.1%) in the post-PCV10 period.

DISCUSSION

We observed substantial declines in pneumonia and meningitis
hospitalizations among children aged <5 years within 3 years
after PCV10 introduction in Zambia. These declines were more
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pronounced among children hospitalized in first-level care
hospitals, compared to those hospitalized at the largest tertiary
care hospital in Zambia. Pneumonia hospitalizations at first-
level care hospitals declined by 38% among infants and by 29%
among children aged 1-4 years. These declines are similar to
what have been reported, using either administrative data or ac-
tive surveillance data, from other African countries, such as the
Gambia and Rwanda, after PCV introduction, as well as in the
United States after the introduction of PCV7 into a PCV-naive
population [12-14, 23, 24]. Peaks in pneumonia hospitalizations
were observed during the rainy season, which is consistent with
what has been reported for invasive pneumococcal disease in
Mozambique and is likely related to increased transmission due
to household crowding during the rainy season [25]. The peaks
in pneumonia are different from those for influenza or respira-
tory syncytial virus infection, which usually occur during the
cool, dry season from March through August [26, 27].

Although an estimated 22 552 pneumonia hospitalizations
were averted after the PCV10 introduction, no significant
declines in the number of deaths among those hospitalized
with pneumonia were observed. As expected, a lower case-
fatality ratio was observed among children hospitalized with
pneumonia at first-level care hospitals, compared to those
hospitalized at UTH. Children hospitalized at UTH are likely
to be more ill on admission and have more complex medical
histories, compared to those hospitalized in first-level care
hospitals. Case-fatality ratios differed by age, with a higher
case-fatality ratio for pneumonia cases in infants, compared to
children aged 1-4 years. The case-fatality ratios we observed
for infants post-PCV10 introduction at both first-level care
hospitals (5.9%) and UTH (16.3%) were similar to or higher
than the 5.8% case-fatality ratio reported in Rwanda among
children hospitalized with severe pneumonia [13]. In the post-
PCV10 period, we observed a 58% increase in the case-fatality
ratio for children aged 1-4 years who were hospitalized with
pneumonia at UTH. Although the reason for this increase is
unclear, it may indicate that, as first- and secondary-level care
hospitals improve their capacity to admit and treat severe pneu-
monia, the patients referred to tertiary care hospitals such as
UTH may be extremely ill. Declines in pneumococcal pneu-
monia deaths after PCV introduction have been documented
[14, 28]. In our analysis, we measured deaths for all-cause
pneumonia in hospitalized children, and it is unclear what pro-
portion of these deaths are attributable to pneumococcal pneu-
monia. Therefore, the lack of decline we found for all-cause
pneumonia deaths after the PCV10 introduction may be related
to the low specificity of the outcome used in the analysis, in ad-
dition to the inclusion of death only among hospitalized chil-
dren and the lack of power, given that death is a rarer outcome
than pneumonia hospitalization.

Meningitis hospitalizations at the first-level care hospitals
declined by 72% and 62% among infants and children aged

1-4 years, respectively, while a decline of 39% was observed for
children aged 1-4 years who were hospitalized at UTH. Although
the declines we observed in meningitis hospitalizations in
the first-level care hospitals are higher than the 42% reduc-
tion reported in Rwanda using hospital administrative data, it
falls within the range of the declines reported from countries
in South America [13, 29]. It is possible that S. pneumoniae
represents the largest burden of suspected bacterial menin-
gitis, given that Zambia introduced a Haemophilus influenzae
serotype B (Hib) vaccine back in 2004 and has maintained a
coverage for the 3 doses of Hib of over 80% [11,19]. Studies
conducted in African countries that have used both culture
and molecular detection methods and that have introduced a
Hib vaccine have found that up to 33% of suspected bacterial
meningitis cases are due to S. pneumoniae [30-32]. However,
many of these studies were conducted after a PCV introduction.
Studies prior to a PCV introduction in Africa have relied heavily
on culture methods, which likely underestimate the proportion
of suspected bacterial meningitis attributable to S. pneumoniae.
The large declines in meningitis hospitalizations we observed
may also be related to interventions other than PCV in Zambia,
such as increased coverage of programs for the prevention of
mother-to-child HIV transmission, with widespread uptake of
antiretroviral therapy by pregnant and breastfeeding women,
which have resulted in substantial declines in the HIV preva-
lence among children after 2011 [33].

The case-fatality ratio we observed for meningitis was sim-
ilar for infants across levels of care and was as high as 19.6%
post-PCV10 introduction, suggesting a high severity of illness
in patients with a diagnostic code of meningitis. In contrast
to first-level care hospitals, the case-fatality ratios for menin-
gitis hospitalizations at UTH were similar between infants
and children aged 1-4 years (14.4% vs. 13.8%, respectively).
Declines in the case-fatality ratio for meningitis from the pre-
to post-PCV10 period were observed for infants at UTH and
for children aged 1-4 years across levels of care. A time-series
analysis showed significant declines in in-hospital meningitis
deaths among children aged 1-4 years at UTH after the PCV10
introduction.

Our analyses have several limitations. First, medical record
coding practices can change over time, which likely affects di-
sease trends. Second, the absence of specific codes for pneu-
mococcal disease led to the use of nonspecific outcomes, such
as all-cause pneumonia and all-cause meningitis, which poses
difficulties in the evaluation of trends over time. It is also possible
that declines are more difficult to assess using referral hospital
data, given that tertiary-care referral hospitals serve large geo-
graphic areas and referral patterns may change over time. Third,
we were only able to obtain hospitalization data from health-
care facilities reporting to the MOH, which did not include any
secondary-level care hospital, and from 1 tertiary care hospital.
Therefore, the declines we observed may not be generalizable.
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Fourth, data on PCV immunization among hospitalized chil-
dren were not available. Fifth, we have not assessed the sensi-
tivity of the discharge codes for either pneumonia or meningitis,
and it is possible that we may have missed hospitalizations for
either of these diagnoses. Finally, interventions other than PCV
after 2013 in Zambia may have resulted in declines in pneu-
monia and meningitis hospitalizations and deaths. Although
the declines we observed in pneumonia hospitalizations were
similar to those in other observational studies, the declines we
observed in meningitis at first-level care hospitals were much
higher than other reports from Africa. We were only able to val-
idate the discharge codes at UTH; thus, the PPV of the medical
records coded as meningitis at the first-level care hospitals is
unknown and some misclassification may have occurred.

In summary, we demonstrated substantial declines in
pneumonia and meningitis hospitalizations in children aged
<5 years who were hospitalized at first-level care hospitals. In
the 30 months following the PCV10 introduction in Zambia, an
estimated reduction in 22 000 pneumonia and 1300 meningitis
hospitalizations occurred. Our analysis shows that relying solely
on administrative data from tertiary-care referral hospitals may
not be as useful as analyses using data from multiple lower-
level care hospitals. This is the first PCV impact evaluation in
Zambia. It uses an approach that is subject to several limita-
tions, but is relatively inexpensive for measuring the impact of
a public health intervention. As countries in Africa fully im-
plement the DHIS2 platform and more healthcare facilities in
the countries start using this platform, these types of evaluation,
using administrative data, may become more common. The
results of our analysis may help inform vaccine policymakers
in Zambia in considering the sustained use of PCV10 in the
infant immunization program. Our approach can also be useful
in the future to monitor whether the declines observed will be
sustained.
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