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Abstract

Background: The Northern region of Ghana experienced an outbreak of bacterial
meningitis between December, 2015 and May, 2016 with majority of cases recorded
in Bole and Sawla-Tuna-Kalba districts. The epidemiological features of this out-
break were explored in these two districts. Methods: Data on the meningitis outbreak
that occurred in the Northern region of Ghana between December, 2015 and May,
2016 was obtained from the Ghana Health Service’s Department of Disease Surveil-
lance. Specifically that on Sawla-Tuna-Kalba and Bole districts was extracted and
analyzed. Results: Two different meningitis outbreaks occurred in two districts in
Northern Region. Bole district had an outbreak due to S. pneumoniae while N. me-
ningitids (N.m. W135) caused an outbreak in Sawla-Tuna-Kalba district. S. pneumo-
niae cases peaked earlier than N. meningitidis. The highest number of cases occurred
in age groups 6 - 14 years followed by 15 - 44 years with deaths occurring in under 5
years and above 60 years. There was an association between outcome and age group,
at a p value of 0.027. Conclusion: Bacterial meningitis due to S. pneumoniae is in-
creasingly becoming a major cause of meningitis outbreaks in Ghana. The differen-
tial periods of onset of pneumococcus and meningococcus outbreaks suggest that
climatic factors responsible for these two diseases may be different and therefore it is
prudent for studies to be carried to define more specific weather conditions favoring
the spread of these two diseases in Ghana. With the extreme age groups recording
fatalities, there is the need to give children and the elderly more attention to mitigate
the effects of any future outbreak.
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1. Introduction

Bacterial meningitis is a major public health issue and remains one of the crucial causes
of mortality and morbidity throughout sub-Saharan Africa. From post-mortem inter-
views, it has been estimated that about 2 percent of deaths in children under 5 years of
age are due to meningitis, thus an overall 200,000 cases of bacterial meningitis cases
have been extrapolated to occur in African children each year, 70,000 of these with fatal
outcome [1]. The most important causative agents of bacterial meningitis are Neisseria
meningitidis (the meningococcus), Streptococcus pneumoniae (the pneumococcus)
and Haemophilus influenzae type b (Hib) [1] Haemophilus influenzae is well known
for causing childhood meningitis, and S. pneumoniae mostly affects elderly, infants,
and immunocompromised patients [2]. Meningococcal meningitis disease is very sig-
nificant cause of death all over the world [1]. Invasive pneumococcal infection is as well
a serious disease that usually occurs at the extremes of age (children and elderly popu-
lation) and is associated with some predisposing illnesses. Alcoholism, HIV infection,
splenectomy, connective tissue diseases, steroid use, diabetes mellitus and intravenous
drug use, remain the most common risk factors for invasive pneumococcal infection
[3]. Both invasive pneumococcal disease (IPD) and meningococcal disease (MD) show
seasonal patterns.

A region of sub-Saharan Africa extending from Ethiopia to Senegal, designated “the
African meningitis belt”, has been particularly vulnerable to meningococcal disease ep-
idemics [4]. In addition to sporadic disease which occurs mainly during the annual dry
season, meningitis epidemics have occurred in the African meningitis belt every 8 - 12
years over the past 100 years [4]. Ghana along with other countries in West and East
Africa lies within the African meningitis belt (as shown in Figure 1). Specifically and
with reference to Figure 1 and Figure 2, the Northern parts of Ghana are the areas that
lie in this belt and subsequently experience seasonal outbreaks of meningitis [5]. In the
African meningitis belt, epidemics of serogroup A meningococci occur in cycles (every
8 -12 years), and each epidemic wave follows a multiyear crescendo-decrescendo pat-
tern [5]. Disease incidence is seasonally dependent, peaking during the dry season (De-
cember-May) and declining rapidly with the onset of the rainy season [4].

Studies have found S. pneumoniae to be the most important causative agent of bac-
terial meningitis in certain areas. The incidence in these areas is 10 - 20 cases/100,000
people/year, which is 10 times higher than that in Western Europe and the United
States [6]. Cases of S. pneumoniae meningitis occur throughout the year, and most stu-

dies report the youngest (2 years) and the oldest (160 years) people to be at the greatest
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Figure 1. Map of Africa highlighting the African meningitis belt.

risk [7]. For unknown reasons, the case-fatality rate for pneumococcal meningitis
(50%) is 5 - 10 times higher than that for meningococcal meningitis. A study on an
outbreak of serotype 1 Streptococcus pneumoniae meningitis in Northern Ghana with
features that were characteristic of Neisseria meningitidis meningitis epidemics by
Leimkugel et al, in 2005 revealed that cases of both meningococcal and pneumococcal
meningitis were concentrated in the dry season, suggesting that similar factors might
have triggered both types of outbreaks. The pneumococcal meningitis cases peaked 1 -
2 months earlier than the meningococcal meningitis cases. This finding may either re-
flect a very high invasive capacity of the causative clonal complex of serotype 1 pneu-
mococci or indicate that the factors that trigger pneumococcal and meningococcal me-
ningitis are not entirely the same. The present study was conducted following the bac-
terial meningitis outbreak that occurred in the Northern regions of Ghana and the
Brong Ahafo region between December 2015 and May 2016. The Bole and Sawla-Tu-
na-Kalba districts were the selected districts used as case studies since they recorded
relatively higher number of cases in comparison with cases in other districts. This study
sets out to describe the epidemiological features of the two different outbreaks of bac-
terial meningitis in both Bole and Sawla-Tuba-Kalba districts. Specifically, the study
examines the variation in the period of onset of S. pneumoniae and N. meningitides
outbreaks in the two districts and as well describes the age and sex distribution of bac-

terial meningitis (S. pneumoniae and N. meningitidis) in the two districts.
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2. Study Site

The Northern Region, which occupies an area of about 70,383 square kilometers, is the
largest region in Ghana in terms of land area. It shares boundaries with the Upper East
and the Upper West Regions to the north, the Brong Ahafo and the Volta Regions to
the south, and two neighboring countries, the Republic of Togo to the east, and La Cote
d’ Ivoire to the west. The harmattan winds, which occur during the months of Decem-
ber to early February, have considerable effect on the temperatures in the region, which
may vary between 14°C at night and 40°C during the day. Humidity, however, which is
very low, mitigates the effect of the daytime heat. The rather harsh climatic condition
makes the cerebrospinal meningitis thrive, almost to endemic proportions, and ad-
versely affects economic activity in the region [8] [9].

The Sawla-Tuna-Kalba district occurs on latitude 9.2732°N and Longitude 2.4135°W
and is located in the North Western part of the Northern Region of Ghana as shown in
Figure 2 and carved out of the Bole District. It shares boundaries with Wa West Dis-
trict to the North, Bole District to the South, West Gonja District to the East and La
Cote D’Ivoire to the West at the Black Volta. The population size is 99,863; forming 4%
of the Northern Regional population with 86% of its population is rural. The district is
predominantly rural with a rural population of 85,918 (93.8%) and an urban population
of 13,945 (6.2%) [8].

The Bole district occurs on the latitude 9.034°N and Longitude 2.485°W and is lo-
cated in the North Western part of the Northern Region of Ghana as shown in Figure
2. It is bordered to the north by the Sawla-Tuna-Kalba district, to the west by the re-
public of Cote d’ivoire with the Black Volta as the boundary. It also shares boundaries
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Figure 2. Maps of Ghana (bottom right) and the Northern Region (left) highlight in geo-political

zones including Sawla-Tuna-Kalba and the Bole Districts.
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with the West Gonja district at the East and to the south by the Wenchi municipal in
Brong Ahafo region. It has a population size of 121,009; forming 4.9% of the Northern
Regional population with 67.6% of its population is rural [8].

3. Methods

Data on the meningitis outbreak that occurred in the Northern region of Ghana be-
tween December 2015 and May 2016 was obtained from the Ghana health service’s
Department of Disease Surveillance. Information specifically on the Sawla-Tuna-Kalba
and Bole districts was extracted from the data and subsequently used for all quantitative
data analysis. The number of cases from the two districts was obtained and variables
such as age, sex, district of residence, district of reportage, health facility reported, date
seen at health facility, date of onset, laboratory results and outcome, were all extracted

from the data and was used for analysis.

4. Data Analysis

STATA statistical software package (Stata Corp.2007. Stata Statistical Software. Release
12.StataCorp LP, College Station, TX, USA) was used for all univariate and bivariate
analysis. Analysis was done based on set aims and objectives. All data was double en-
tered into the Microsoft excel software spread sheet and later converted to fit the used
softwares. A Fisher’s exact test was used to test for association between various va-
riables of the cases. The variables that were subjected to the Fisher’s exact test for asso-
ciation were as follows:

* Sex of cases versus laboratory results of cases;

* Outcome of cases (dead or alive) versus age group of cases;

* Age group versus laboratory results of cases.

5. Results

A total of 83 suspected cases of bacterial meningitis were recorded in both Bole and
Sawla-Tuna-Kalba districts between December 2015 and May 2016. Out of these sus-
pected cases, 56 were laboratory confirmed to be cases of bacterial meningitis with 22
cases in Bole and 34 recorded in Sawla-Tuna-Kalba.

From Figures 3-6 it can be observed that between December, 2015 and May, 2016
there were two different outbreaks of bacterial meningitis occurring at two different
times in two districts. Table 1 shows a breakdown of the distribution of the cases across
the two districts. The bacterial meningitis outbreak in Bole was due to high numbers of
S. pneumoniae cases (as observed in Table 1), S. pneumoniae cases exceeded the alert
and epidemic thresholds between weeks 2 and 3, this can observed in Figure 3 and
Figure 4. On the other hand the bacterial meningitis outbreak in the Sawla-Tuna-Kalba
district was due to V. meningitidis cases (N-m W135 strain) as observed in Table 1, V.
meningitidis cases exceeded the alert and epidemic thresholds between weeks 10 and
12, this can observed in Figure 5 and Figure 6.

Figure 7 shows a graph displaying the various age groups of the cases plotted against
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the disease outcome(whether the case died or lived)for the two districts. It is observed
that death cases appeared only in the extreme age groups, that is <5 and 260 years. The
highest number of cases occurred in age groups 6 - 14 years followed by 15 - 44 years. A
subsequent look at Table 2 shows no significant association between sex and laboratory

result as a p-value of 0.514 was recorded. On the other hand, a test for association bet-

GRAPH SHOWING NUMBER OF BACTERIAL MENINGITIS CASES
BY EPID WEEK IN BOLE DISTRICT
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Figure 3. Distribution of reported bacterial meningitis cases recorded against the EPID Week in
the Bole district.

Table 1. Distribution of bacterial meningitis cases in bole and Sawla-Tuna-Kalba.

Summary of distribution of S. pneumoniae and N. meningitis cases in the Bole and Sawla-Tuna-Kalba

District S. pneumoniae cases N. meningitis cases Total
Bole 12 12 10 22
Sawla-Tuna-Kalba 8 26 34

Host distribution of S. pneumoniae and N. meningitis cases in the Bole
and Sawla-Tuna-Kalba districts by age, sex, outcome

Disteict Causat‘ive Age distribution (years) Sex Outcome
Organism <5 6-14 15-44 45-60 =260 M F Alive  Dead

N. meningitis (N.m—W135) 2 6 1 1 0 6 4 8 2

Bole S. pneumoniae (S. p.) 0 2 9 1 0 9 3 6 6

Total (N. m and S.p cases) 2 8 10 2 0 15 7 14 8

N. meningitis (N.m—W135) 6 12 6 1 1 9 17 26 0

Sawla-Tuna-Kalba S. pneumoniae (S.p) 1 3 3 0 1 3 5 6 2

Total (N.m and S.p cases) 7 15 9 1 2 12 22 32 2

Univariate analysis was carried out using STATA statistical software package (StataCorp.2007. Stata statistical Software. Release 12 .StataCorp LP, College Station,
TX, USA).
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Figure 4. Graph displaying the number of different bacterial meningitis cases (S. pneumoniae
and N. meningitidis) recorded against the EPID Week in the Bole district.

CASES

16
14
12
10

o N b~ O ©

GRAPH SHOWING NUMBER OF BACTERIAL MENINGITIS CASES BY EPID WEEK IN

49 50 51 52 53 1

THE SAWLA-TUNA-KALBA DISTRICT

Sawla-Tuna-Kalba = Alert Threshold = Epidemic Threshold

~

2 3 4 5 6 7 8 9 10 11 12 13 14 15
EPID WEEK

Figure 5. Distribution of reported bacterial meningitis cases against the EPID week in the Sawla-
Tuna-Kalba district.

Table 2. Summary bivariate analysis between various variables.

Test for association between variables age group, outcome, laboratory result

Variable Fisher’s exact test for association (p-value)
Sex versus laboratory result 0.514
Outcome versus age group 0.027
group versus laboratory result 0.591

Age
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Figure 6. Graph displaying the number of different bacterial meningitis cases (S. pneumoniae
and N. meningitidis) recorded against the EPID Week in the Sawla-Tuna-Kalba district.
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Figure 7. Graph displaying age group of cases versus outcome (dead or alive) for both districts.

ween outcome and age group indicated a p-value of 0.027, confirming the issue of a sig-

nificant association between outcome (dead or alive) and age group of cases in both dis-

tricts. Again, Figure 4 and Figure 6 demonstrate that in both districts S. pneumoniae

peaked earlier than N. meningitidis. For the Bole district, it can be observed from Figure

4 that cases of S. pneumoniae peaked in week 2 while that of N. meningitidis peaked in

week 10. A look at Figure 6 also shows that cases of S. pneumoniae peaked in week 7

while cases

of N. meningitids peaked in week 10 for the Sawla-Tuna-Kalba district.

6. Discussion

Neisseria meningitidis has been the major cause of most meningitis outbreaks in Ghana
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and subsequently the dominant causative organism of various forms of bacterial me-
ningitis in Ghana, it has been described in various studies as being uniquely able to
cause meningitis outbreaks [4]-[6] [12] [18]. Streptococcus pneumoniae bacterium
however has previously been the cause of certain meningitis outbreaks in Ghana, the
Kassena-Nankana District of northern Ghana which lies in the African meningitis belt,
where epidemics of bacterial meningitis reoccur every 8 - 12 years experienced menin-
gitis outbreaks due to N. meningitidis as well as S. pneumoniae between 1998 and 2003
[4]. A study by Leimkugel ef al, in the Kassena-Nankana District on an outbreak of se-
rotype 1 Streptococcus pneumoniae meningitis in Northern Ghana with features that
were characteristic of Neisseria meningitidis meningitis epidemics revealed that the S.
pneumoniae ST217 clonal complex represented a hyper virulent lineage with a high
propensity to cause meningitis [4], the results predicted that this lineage had the poten-
tial to cause subsequent epidemics, that outbreak as well exhibited epidemiological and
bacteriological features that were characteristic of African meningococcal meningitis
epidemic including strong seasonality and a broad host age range a development simi-
lar to this current study. Identical to our study, an increase in pneumococcal meningitis
cases was accompanied by a successive outbreak of meningococcal meningitis. With
respect to the seasonal and periodic nature of occurrence of meningitis outbreaks and
on the phase of the findings by Leimkugel et a/, in 2005, an occurrence of a subsequent
bacterial meningitis outbreak due to S. pneumoniae was predictable.

This study established that between the periods of December 2015 and May 2016,
there were two different outbreaks occurring at two different times in two different dis-
tricts. The Bole district experienced an outbreak of pneumococcal meningitis (5.
pneumoniae) between weeks 2 and 3 whiles Sawla-Tuna-Kalba experienced an out-
break of meningococcal meningitis (N. meningitidis) between weeks 10 and 12. Even
though S. pneumoniae cases appeared earlier than N. meningitidis in the Sawla-Tuna-
Kalba districts, those cases recorded did not exceed the epidemic threshold for a decla-
ration of a meningitis outbreak. There have been various studies regarding the weather
conditions favorable for meningitis outbreaks [10]-[13], a study by Abdulai Adams
Forgor on meningococcal and pneumococcal meningitis in the Northern region of
Ghana mentioned that, the climatic factors that influence the incidence of pneumococ-
cal meningitis and meningococcal meningitis were found to be similar but not always
the same. The duration of a preceding absence of rainfall appears to be the best predic-
tor of both pneumococcal and meningococcal meningitis outbreaks. Outbreaks of me-
ningococcal meningitis are best predicted by concurrent decrease in rainfall with in-
crease in weekly mean maximum temperature [14]. Those of pneumococcal meningitis
are immediately triggered by just a concurrent decrease in rainfall [14]. This pheno-
menon of the occurrence of different outbreaks at two different times in the two dis-
tricts as revealed in this study can to some extent be attributed to a variation in the cli-
matic conditions between the two different periods of occurrence of both outbreaks.

This meningitis outbreak however was exclusively characterized by extremely dry

conditions and as previously mentioned was followed by a variation in onset of pneu-
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mococcus and meningococcus. Other studies have also suggested that differences in
climatic conditions between the early dry season (which includes the harmattan period,
with its cold nights and extremely dusty air) and the late dry season (which brings in-
tense heat) may be relevant [4] [11] [15] [16]. However, studies pertaining to the exact
weather conditions with regards to temperature or humidity within the dry season that
trigger meningococcus and pneumococcus have not been extensively explored in Gha-
na. Furthermore, outbreaks of pneumococcal meningitis that have previously occurred
in Ghana and Burkina Faso both showed similar seasonal pattern to that of classical
meningococcal epidemics in Africa [6] with increase in number of cases beginning little
earlier for pneumococcal meningitis, which is similar to the results of this study. This
again buttresses the fact that the climatic factors responsible for setting off outbreaks of
these 2 infections are similar but not identical [17]. In this study, the pneumococcal
meningitis cases peaked at least 3 weeks earlier than the meningococcal meningitis cas-
es in both districts. Leimkugel ef al, in 2005 also found out that, the pneumococcal
meningitis cases peaked 1 - 2 months earlier than the meningococcal meningitis cases
[4], this finding may again either reflect the fact that the factors that trigger pneumo-
coccal and meningococcal meningitis again are not entirely the same or there is a very
high invasive capacity of the causative organism S. pneumoniae compared to Neisseria
meningitidis as mentioned by Leimkugel et al, in 2005.

In a further development, the results obtained showed that there was no significant
association between sex and contraction of both meningitis diseases as observed in Ta-
ble 2, an assertion further supported by a number of studies including a prospective
study on Neisseria meningitidis in the Northern region in 2002 [4] [5] [19] and in effect
demonstrates that the entire population is at risk of meningitis irrespective of sex.
However a much circumspective look at the results shows that the number of cases
recorded for females was slightly higher than that of males (27 males to 29 females),
even though this is not statistically significant, the aforementioned study [5], showed
that females were more likely to acquire Neisseria Jactamica than males, with N. Jacta-
mica more prevalent in females than males. It is worth noting that public health sys-
tems pay particular attention to women and children in light of this development.

Studies have demonstrated the occurrence of this disease (bacterial meningitis) in
extreme age groups (that is <5 and 260 years) [4]-[6] [10]. The results of this study
showed that there was a strong association between the outcome (dead or alive) and the
age group ( p-value = 0.027), which implied that the outcome of an individual, (that is
to say whether an individual survives or dies) has ties with the age group of that partic-
ular individual. Again it is imperative to prioritize these extreme age group in terms of
disease control and prevention since they represent the age groups at risk of acquiring
this disease, individuals within these age brackets appear to have weaker immune sys-
tems [10] [20]. This view is further established by Figure 7 in the results section where

the only deaths recorded for meningitis disease was for the extreme age groups.

7. Conclusion

Pneumococcal meningitis is increasingly becoming a major cause of bacterial meningi-
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tis outbreak in Ghana and public health systems should be alerted to this development
in any case of an occurrence of a subsequent meningitis outbreak. In light of the already
established seasonality of meningitis as well as the differential periods of onset of
pneumococcus and meningococcus, climatic factors responsible for these two diseases
are different and thus there is an urgent need for studies to be carried to ascertain more
specific weather conditions in terms of temperature, humidity and precipitation favor-
ing the spread of both pneumococcus and meningococcus in Ghana. With the extreme
age groups (that is <5 years and 260 years) recording fatalities and females identified as
the sex recording majority of meningitis cases, there is the need to give women, child-
ren and the elderly enough attention to mitigate the effects of any future outbreak as

part of recommendations to improve meningitis disease prevention and control.
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