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ABSTRACT 

 

INTRODUCTION 

Tuberculosis (TB) is a serious global health problem with an estimated 9. 6 million new cases 

and 1.5 million deaths in 2014 alone. Research in several countries reveals there might be an 

association between seasons and the presentation and diagnosis of patients with TB. 

METHODS 

This was a retrospective chart review performed at the tertiary level care center, Kigali 

University Teaching Hospital (KUTH); from January 2016 to December 2017.                         

We documented patient demographics in addition to TB status, time of season (rainy or dry), 

HIV status and culture status. 

RESULTS 

In the overall population, Males made up 58.2% of included patients. More positive TB results 

occurred in the dry season compared to the rainy season (OR= 1.35). Adults were more likely to 

be diagnosed with TB compared to children (OR= 14.7, p=<0.001). There was no relationship 

between HIV and TB status (p=0.73). 

CONCLUSION 

TB is a deadly infectious disease and is prevalent in almost every part of the world. Our study 

confirms that TB detection does vary with season with more diagnoses occurring in the dry 

season. This study might help physicians to plan for which period of the year they would expect 

more TB patients, and, therefore set protective measures and establish guidelines on how to 

properly handle patients. The government should also strengthen education about TB awareness 

at the level of the community. 

 

 

 

 

 

 



1 
 

CHAPTER1.INTRODUCTION 

 

Tuberculosis (TB) is a serious global health problem with an estimated 9.6 million new cases and 

1.5 million deaths in 2014 alone
1
. More than 95% of deaths occur in low to middle income 

countries with the highest incidence of TB cases being in the Western Pacific Regions and 

South-East Asia, which bear 58% of cases worldwide. The burden is great in Africa with an 

estimated 281 TB cases
2
 per 100,000 in 2014

3
. In 2016, 2.5 million people contracted TB in 

Africa alone accounting for a quarter of new TB cases worldwide. Furthermore, over 25% of 

worldwide deaths due to TB occur in Africa
4
 . 

  

Rwanda is actively preventing and managing communicable diseases such as HIV and TB.The 

country’s first TB sanatorium opened in Rwamagana in 1954 where TB infected patients from all 

over the country were isolated and managed until 1989
5
. In 1990, the Ministry of Health 

implemented a six-point Stop TB Strategy through a program known as “Rwanda National TB 

Control Program (NTP). TB management and treatment was decentralized to the local health 

facility level where the WHO Directly Observed Therapy for TB (DOT) strategy was 

implemented. DOT is a specific strategy endorsed by the WHO to improve medication adherence 

by requiring health workers, community volunteers or family members to observe and record 

patients taking each dose
6
.                                                                                            

 

Between 1990 and 2013, the mortality rate fell by 81%; prevalence and incidence fell by 75% 

and 76% respectively. In 2014, 6,024 all-forms TB cases were reported, with a  

consistent 2.3 % annual decrease since 2006
2
.  Thus, Rwanda is close to achieving the WHO 

targets for TB treatment and management.  

 

 

Research done in Asia, South-America and Africa reveals a possible association between seasons 

and the presentation and diagnosis of patients with TB.A systematic review in 2011 reviewed 

studies looking at TB seasonality. The review included twelve descriptive studies conducted in 

11 countries around the world between 1971-2006.This review revealed a seasonal pattern of TB 

presentation and diagnosis with predominant peaks in spring and summer in temperate climates; 

those countries include South Africa, India, Hong Kong, Japan, Kuwait, Spain, UK, Ireland, 

Russia and Mongolia
7
. Four seasons are recognized in these countries: spring, summer, autumn, 

winter. The literature suggests that TB incidence peaks during spring and summer, which could 

be a consequence of TB transmission during winter months (possibly due to overcrowding in 

poorly ventilated settings, diminished amount of natural UV light and delays of health care 

seeking behavior)
8
.  

 

In contrast, a study done in Cameroon assessed TB seasonality in the rainy season versus dry 

season
9
. Cameroon, which has a similar climate to Rwanda, has variability in TB presentation 
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depending on the season with more TB cases diagnosed in the rainy season compared to the dry 

season.  In Cameroon, TB was more prevalent in males than females (p=0.034), with the most 

affected age group being 21-30 years old (p=0.002)
10

. 

 

Rwanda has two seasons, each repeating once throughout the year. There are two rainy seasons 

(the first from February to June and the second from September to December) separated by two 

dry seasons (the major one from June to September and a less severe one from December to 

February)
11

 . There has not been research conducted in Rwanda assessing the impact of seasons 

on TB incidence. Additionally, the Rwandan climate is quite different from most of the countries 

where TB seasonality research has been completed. This fundamentally limits our ability to 

apply research from other countries to Rwanda. Despite the decreasing numbers of TB in 

Rwanda, 6,024 TB cases still represent a significant burden. As a result, better understanding TB 

in a Rwandan context and assessing seasonality may yield clues that could help with prevention, 

management and treatment of this disease. This study will help us not only know the TB 

incidence at Kigali University Teaching Hospital (KUTH), but also help us determine what times 

of the year we can expect more TB patients. Lastly, this research may benefit East African 

countries or others with a similar rainy/dry climate. 

 

1.1. Aims and objectives 
 

1.1.1. Aim 

To determine the impact of rainy and dry season on TB (all forms) presentation at KUTH. 

 

1.1.2. Objectives 

-To determine the most affected age group and gender. 

-To determine the type of samples analysed by the laboratory. 
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CHAPTER 2.METHODOLOGY 

2.1 Research design 

 

We conducted a retrospective chart review from January 2016 to December 2017 of 2762 patient 

charts which indicated a need for TB testing and had laboratory tests requested and analyzed for 

diagnosis.  

2.2. Research approach 
 

We created a database in Microsoft Excel and collected data from laboratory records. Data 

included patient demographics, TB status, HIV status, and culture status. There are two dry 

seasons and two rainy seasons throughout the year in Rwanda. The first dry season is from 

January 1
st
 to January 31

st
 and the second dry season is from June 16

th
 to August 31

st
. In between 

are two rainy seasons: February 1
st
 to June 15

th
 and September 1

st
 to December 31

st
.  

 

2.3. Research setting 
 

This study was performed at a tertiary level care center in Kigali University Teaching Hospital 

(KUTH), from January 2016 to December 2017, in Kigali; Rwanda. KUTH is an urban referral 

hospital with approximately 560 inpatient beds and 40 beds in the Emergency Department. It 

also has outpatient services where patients from different district hospitals and private clinics can 

consult for further evaluation and more advanced laboratory testing. Typical disease profiles of 

patients presenting to KUTH include trauma and infectious disease. At KUTH, if sampling sites 

are pulmonary, diagnosis is mainly done with GeneXpert. If sampling sites are extrapulmonary, 

diagnosis is still commonly achieved with GeneXpert; however, sometimes the diagnosis is 

purely clinical. 

 

2.4. Study population 
 

We included all patients with suspected TB who had laboratory tests requested and analyzed for 

diagnosis. There were no exclusion criteria. We documented patient demographics (eg gender, 

age) in addition to TB status, time of season (rainy or dry), HIV status and culture status. 
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2.5. Sampling 

2.5.1. Sample size 

We estimated that 5 patients are tested every day for TB, and over a period of 2 years, this 

resulted in a calculated sample size of 3650 patients. We reviewed in total 2762 patient charts 

whose samples were sent to KUTH laboratory for analysis from January 2016 to December 

2017. 

2.6. Validity and reliability of research instruments  
 

No research instruments were utilized for this study. 

2.7. Outcomes 
 

2.7.1. Primary Outcomes 

The primary outcome for this study is to assess the impact of rainy and dry season on TB 

presentation at KUTH. A positive TB finding was determined using the Genexpert lab test.  

2.7.2. Secondary Outcomes 

Secondary outcomes for this study are assessing associations between HIV status, age, and 

gender with TB status. 

2.8. Data collection 

 

Data collection consisted of reviewing patient charts from January 2016 to December 2017. 

Variables included patient demographics, HIV status, TB status, culture status, and Genexpert 

results. Data was entered into a password-protected Excel spreadsheet. 

 

2.9. Data analysis  

 

Data analysis was performed using R version 3.5.1 (R Foundation for Statistical Computing, 

Vienna, Austria). Descriptive analyses were completed for the overall cohort. Data with any 

missing entries were eliminated and analysis consisted of logistic regression analysis to calculate 

odds ratios (ORs) with 95% confidence intervals. A significance level of p < 0.05 was utilized in 

our analyses.  
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2.10. Ethical consideration 
 

The research study has been approved by the CMHS Institutional Review Board (IRB) No 

090/CMHS IRB/2018 and the KUTH Ethics Committee No EC/CHUK/585/2018. 

2.11. Data management 

 

Only study investigators had access to the KUTH laboratory registers. We collected data in a 

pre-designed excel sheet using a password protected computer. 
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CHAPTER 3.RESULTS 

3.1. Patient Demographics 

 

Among 2,762 reviewed patient charts, 1,570 charts contained sufficient data to be included in the 

study (Figure 1). In the overall population, male patients made up 58.2% of included patients 

(Table 1). The mean age for male patients was 37.5 years (SD=21) and the mean age for female 

patients was 40(SD=20) (Table 1). Furthermore, males were mostly aged between 20 to 30 years 

while females were between 30 to 40 years (Figure 2). 17.7% of patients were found to be HIV + 

and TB was confirmed in 13.9% of the total patients (Table 1). In terms of sampling procedures 

for TB testing, most samples were obtained from extrapulmonary sites (53.5%), with the most 

common being pleural effusions (39.1%). The most common pulmonary site sampled for testing 

was the sputum (61.8%) (Table2).  

 

 

Figure 1 Study flow chart 
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Table 1 Patient Demographics 

 

 

Figure 2 Age Distribution of Patients Enrolled in the Study 

 
 

Characteristics n (%) 

Gender 

                Male 

                Female 

 

Age (years) 

        Male                                                     

       Female 

 

HIV Status 

Positive 

Negative 

 

TB Status 

Positive 

Negative 

 

 

Children(<18yrs) 

Adults(≥18yrs) 

 

 

915(58.2) 

655(41.7) 

 

 

37.5 ± 21 

40 ± 20 

 

 

278 (17.7) 

1292 (82.2)      

 

 

219(13.9) 

1351(86) 

 

 

227 (14.4) 

1343 (85.5) 
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3.2. Primary Outcomes 
 

More positive TB tests occurred in the dry season compared to the rainy season (OR = 1.38, 95% 

CI: 1.01, 1.89, p=0.03) (Table 3). Although more positive TB cases occurred during the rainy 

season (Figure 3), the proportion of positive cases in the dry season (0.2) exceeded the rainy 

season (0.13) (Table3). For the most part, TB testing increased in the rainy season compared to 

the dry season during both 2016 and 2017 (Figure 3).Furthermore, more TB testing was 

completed in 2017 compared to 2016. There was no relationship between the month of the year 

and positive TB diagnosis (Figure 4). 

 

3.3. Secondary Outcomes 
 

Adults were more likely to be diagnosed with TB compared to children (p<0.001, OR=14.7, 95% 

CI: 5.6 – 60.4) (Table 3). There was no relationship between TB status and HIV status (p=0.73).  
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Type of Sample 

Pulmonary (P) 

or Extra 

pulmonary (E) 

Specific Sample Site 

Number 

of 

Samples 

P BAL 163 

P Sputum 275 

P Tracheal aspirate 7 

E Articular fluid 2 

E Aspirate 1 

E Biopsy 17 

E Biopsy LN 1 

E Bloody 3 

E Bone marrow 3 

E Cerebrospinal Fluid 1 

E Cervical swab 1 

E Empyema 4 

E Gastric aspirate 40 

E Hand aspirate 1 

E Joint fluid 13 

E KFH 4 

E Knee aspirate 1 

E Ocular fluid 1 

E Pericardial fluid 9 

E Peritoneal Fluid 92 

E Pleural effusion 201 

E Pus 29 

E Pus swab 4 

E Pyothorax 1 

E Semen 2 

E Stool 7 

E Swab 3 

E Testicular pus 1 

E Urethra pus 1 

E Urine 70 

   Table 2 Sites of TB sampling, extrapulmonary or pulmonary 
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Season TB positive Total tested Ratio 

Rainy 147 1138 0,13 

Dry 72 432 0,2 
Table 3 TB status as it relates to the season 

 

 

 

 

Figure 3  Number of TB tests ordered throughout the year. The yellow shading corresponds to the dry season 
and the blue shading corresponds to the rainy season. 
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Figure 4 Occurrence of positive tests throughout the year. The yellow shading corresponds to the dry season and 
the blue shading corresponds to the rainy season. 
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CHAPTER4. DISCUSSION AND CONCLUSION 

4.1. Discussion 
 

This study was a single center, retrospective chart review done at a tertiary care center in Kigali, 

Rwanda assessing seasonal trends of TB. In our study, TB diagnosis occurred more often during 

the dry season (OR = 1.38) compared to the rainy season. This finding differs from a study done 

in Cameroon which showed more diagnoses were made in the rainy season
10

. Additionally, in 

our study, TB testing tended to increase in the rainy season compared to the dry season during 

both 2016 and 2017 (Figure 3). Considering the above findings, it suggests TB testing should be 

conducted all the time in Rwanda. However, during the rainy season, people are sometimes less 

inclined to present to the hospital thus, while they may contract the disease in the rainy season, it 

is not confirmed until much later. This delay in diagnosis could result in poorer outcomes for the 

patient.   

Furthermore, among the 1570 patients’ charts reviewed, adult men predominated in the study 

population (Table 1) and were mostly affected at 52.8%. Prior studies have also shown that men 

were mostly affected, and this could be partly explained by their social interactions (drinking, 

smoking…) and less immune function compared to women
7,10,12

. Our study findings are 

consistent with other studies done in Africa looking at TB epidemiology, however, risk factors 

and associated behaviors for why men are contracting TB is not well understood in the Rwandan 

context. Further research can help to understand these social factors and allow for informed 

public health recommendations. 

Overall, adults were more likely to contract TB compared to children. This is consistent with 

other studies looking at TB. A systematic review done in 2011 revealed the prevalence of TB in 

adults increases with age reaching 80% at 80 years
7
.However infection in children is reported to 

be recent. Our findings, however, may be an overestimate as it is very difficult to diagnose TB in 

children and our equipment may not be accurate in a pediatric population. Nonetheless, with 

efforts to reduce TB in the Rwandan population, public education of adults discussing initial 

symptoms and when to see a physician can be critical in attaining this goal.  

In terms of sampling procedures for TB testing, most samples were obtained from extra- 

pulmonary sites, with the most common being pleural effusions. This differs from other studies 

which have often relied on pulmonary sites for TB diagnosis. A study in Israel revealed that the 

majority of confirmed laboratory cases were from pulmonary sites in 82.9% and 16.9% from 

extrapulmonary sites
1
. We did not specifically look at the positivity of TB depending on the 

sample sent but the variety of sample sites that can diagnose TB is of interest and warrants 

further research. 
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4.2. Limitations 

  

 We had a lot of missing data entries and incomplete charts as this was a retrospective 

study. 

 We only studied patients who presented at KUTH missing patients who consulted at 

district hospitals. 

 Some body fluid samples sent to the laboratory were not enough/not adequate for 

analysis and were rejected. 

 No patients’ files reviewed in order to tell if they presented in rainy or dry season 

 

4.3. Conclusion 

 

TB is a deadly infectious disease and is prevalent in almost every part of the world. Seasonal 

variation in TB diagnoses has been reported in different regions, suggesting that various 

geographic and demographics are involved in seasonality. Our study confirms that TB detection 

does vary with season with more diagnoses occurring in the dry season. This study might help 

physicians to plan for which period of the year they would expect more TB patients, and, 

therefore set protective measures and establish guidelines on how to properly handle patients. 

The government should also strengthen education about TB awareness at the level of the 

community. 

 

4.4. Recommendations 
 

A prospective study is highly recommended so as to understand well TB trends with regards to 

seasons. 

Identify risk factors for TB contraction in the Rwandan population 

There should be an improvement regarding data recording in order to avoid a lot of 

undocumented information. 

A similar study might be conducted in District Hospitals so that we can get an overview for the 

whole Country. 
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APPENDICES 

TITLE: DATA COLLECTION AFB-GENEXPERT

YEAR 2016-2017

Type of 

Sample

AFB  

result

Genexpert

 result

Treated for

 TB before

Date MRN Age Gender Reffering

 department

HIV 

status

 

 

Date of

Collection

MRN/serial 

culture 

number

Age Gender
Reffering 

department

HIV 

status

Type of 

sample

AFB

 result

Genexpert 

result 

Date of  

inoculation
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week
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