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Abstract:

Introduction: A malaria case-based surveillance system (mCBS) was established in Kilimanjaro, Arusha, and
Manyara regions in Tanzania following reports of very low parasite prevalence. The system aims to
eliminate malaria by 2030, but had not been analyzed since its start. Our study used data from August
2021 to May 2022 to identify factors associated with malaria among contacts of local cases

Methods: This was a cross-sectional study that analyzed mCBS data collected between August 2021 and
May 2022. The dataset included index cases and contacts information obtained through proactive and reactive
case detection methods (pro-ACD and re-ACD respectively). Multivariate logistic regression was used to
identify factors associated with malaria among contact cases. Statistical significance was tested at a 95%
confidence interval and p-value < 0.05

Results: From August 2021 to May 2022, 949 malaria cases were reported, with 63.8% being over 16
years old, median age 20 years. Most cases were local-introduced (96.5%), males accounting for
54.8%. Arusha region reported most cases (53%). Among 642 tested contacts, 51% were female, and only
3.7% tested positive. Factors associated with lower malaria positivity included, household size > six members
(@aOR = 0.11, 95% CI = 0.02 — 0.62), being afebrile past three days (aOR = 0.03, 95% CI = 0.01 — 0.14),
having no history of contact with individuals on malaria treatment within past 28 days (aOR = 0.01, 95% CI
= 0.004 — 0.04), as well as having no history of travel to malaria-endemic areas within past 28 days (aOR
= 0.24, 95% CI = 0.06 —0.92)

Conclusion: A history of contact with a household member treated for malaria or had travelled to an endemic
area in past 28 days as well as a family size with fewer than three members are risk factors for malaria in regions
implementing case-based surveillance in Tanzania
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1. BACKGROUND

Malaria remains to be a global disease of public health concern. In 2021, nearly 247 million malaria cases
were reported worldwide, of which 95% of them (234 cases) were in Africa. Malaria- related deaths
have reduced from 897,000 deaths in 2000 to 619,000 deaths in 2021 (1).

In Mainland Tanzania, the disease prevalence has declined from 18.1% in 2008 to 7.5% in 2017 (2),
with the target of eliminating the disease by the year 2030 (3). However, there have been reports of
uneven disease distribution among regions such that some regions, such asKilimanjaro, Arusha,
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and Manyara, have been reporting a very low malaria prevalence of up to <1% (4, 5). These regions were
categorised as regions under malaria elimination in Tanzania, and a malaria case-based surveillance
(mCBS) system was therefore introduced in these regions as an interventional strategy to ensure that local
malaria cases are eliminated.

The mCBS system determines whether an infection was acquired locally, the likely location of the infec-
tion, and whether Indigenous transmission leads to onward transmission. Through passive case detection
(pro-ACD), local index malaria cases are identified. A reactive case detection (re- ACD) is then conducted
in households of identified index cases, where every contact member is tested for malaria using a malaria
rapid diagnostic test. Those found positive are treated and classified as either local Indigenous or locally
introduced cases (6).

Nations such as China achieved zero Indigenous malaria cases, proving the effectiveness of a case-
based surveillance system in contributing to the country's efforts to malaria elimination (7). In the context
of Tanzania, since the implementation of mCBS in the year 2020, system data has never been analyzed for
decision-making. We used the mCBS dataset collected from August 2021 to June 2022 to determine
factors associated with malaria among household members of the identified index cases. The results of
this analysis will help the National Malaria Control Program (NMCP) set up interventional priorities to
attain disease elimination in the region by 2030.

2. METHODS

This was a cross-sectional study that used secondary data collected from the Malaria case-based sur-
veillance (mCBS) system from August 2021 to May 2022. The dataset included both local malaria cases
detected after passive case detection (pro-ACD), and contact cases recorded after reactive case detection
(re-ACD) from health facilities in regions implementing case-based surveillance. The data were
cleaned and analyzed using Stata (version 15). Bivariate and multivariate logistic regression was used
to determine factors associated with malaria among household members of the identified index cases.
Statistical significance was tested at 95% CI and p-value < 0.05.

2.1. Ethical Considerations

The Muhimbili University of Health and Allied Sciences granted permission to conduct the study.
Approval to use the data was granted by the National Malaria Control Program (NMCP) in Dodoma, Tan-
zania. The data were kept confidential and never shared with any third party. Names and addresses of
individuals in the dataset were not recorded during data collection.

3. RESULTS
3.1. Demographic Characteristics of Participants

A total of 2667 malaria cases were reported in the system from August 2021 to May 2022. Of these,
949 cases (35.5%) were reported as Local (index) cases. The majority of the index cases were over 16
years old, 63.8% (605/949). Males accounted for most of the index cases by 54.8% (520/949), and the
median age of these cases was 20 years (IQR) = 10 - 31). Most of the index cases were classified as local-
introduced cases 96.5% (916/949).

On the other hand, of 949 index cases, 642 household/contact members were tested for malaria during
re-ACD. The majority of the contacts, 57.6% (370/642), were over 16 years old. Females were most of the
reported contacts by 51% (327/642) and had a median age of 20 years old (IQR 95 = 7- 34). Of the 642
contacts, only 24 cases (3.7%) had a positive malaria rapid test. Most of the malaria-positive contacts were
classified as local — indigenous 58.3% (14/24). Arusha region had the most index cases, 53% (504/949), and
contact members, and 73% (472/642) (Table 1).
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Table 1. Characteristics of index and contact cases reported from regions implementing mCBS from August 2021 to

May 2022.
Index cases Contact members
Characteristic
Frequency (N) Percentage (%) Frequency (N) Percentage (%)
A
ge (years) 167 17.6 115 179
<5
6-15 177 18.7 157 24.5
>16 605 63.8 370 57.6
Region
. . 153 16.1 31 4.8
Kilimanjaro
Arusha 504 53.1 472 73.5
Manyara 292 31.8 139 21.7
Sex
520 54.8 315 49.1
Male
Female 429 452 327 50.9
Malaria Rapid Test Results
. 949 100 24 37
Positive
Negative 0 0 618 96.3
Local Case Cat
o Tase Lategory 33 35 14 58.3
Indigenous
Introduced 916 96.5 10 41.7

3.2. Risk Factors Associated with Malaria Infection among Family Members Identified through
Reactive Case Detection

Factors such as age, sex, family size, history of fever in the past three days before re-ACD, history
of contact with a person treated for malaria in the same household in the past 28 days, as well as the history
of travel to a malaria endemic area in the past 28 days, were analyzed to assess their association with
testing positive for malaria among contact cases

Multivariate analysis showed that the odds of a positive malaria rapid test decreased with an increase
in family size such that households whose family size was over members had 81% lower odds of
having a positive malaria rapid test compared to households with a family size of less than three members
(aOR = 0.19, 95% CI = 0.05 — 0.72). Similarly, household members who had a history of contact with a
household member who had been treated for malaria in the past 28 days had 2.6 times the odds of having
a positive malaria rapid test compared to those who had not contacted household members known to have
been on malaria treatment (aOR =2.60,95% CI 113 = 1.11 — 6.06). On the other hand, household members
who had a history of travel to malaria- endemic areas in the past 28 days had about four times the odds
of testing positive for malaria compared to those who hadn’t travelled (aOR = 3.67, 95% CI = 1.47 — 9.20)
(Table 2).

4. DISCUSSION

Tanzania is among malaria endemic countries in the world with malaria prevalence varying
within and among its regions. The burden of malaria varies from as low as <1% in the highlands to as high
as 24% along the Lake and Western zones of the country. As an interventional strategy toward disease
elimination in the country by the year 2030, malaria case-based surveillance was introduced in regions
that consistently reported a disease prevalence of <1%.
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Table 2. Bivariate and Multivariate Logistic regression analysis of factors associated with malaria infection identified
through reactive case detection

Malaria rapid test results Bivariate analysis Multivariable analysis
Characteristics Positive Negative
N (%) N (%) cOR‘(95% CI) p-value aOR*(95% CI) p-value
[Age (Years)
<5 6(5.2) 109 (94.8) 1.6 (0.60 — 4.48) 0.33
6-15 6(3.8) 151 (96.2) 1.2(0.44-3.22) 0.74
>16 12(3.2) 358 (96.8) 1
Sex
Male 8(2.5) 307 (97.5) 0.51(0.21 - 1.20) 0.12 0.46 (0.19-1.12) 0.09
Female 16 (4.9) 311 (95.1) 1
Family Size
<3 9(7.1) 117 (92.9) 1
4-5 12 (4.1) 280 (95.9) 0.56 (0.23 - 1.36) 0.20 0.66(0.27 — 1.66) 0.38
>6 3(1.3) 221 (98.7) 0.18 (0.05 - 0.66) 0.01 0.19(0.05-0.72) 0.02
History of Fever Three Days Prior re-ACD
Yes 114.1) 257 (95.9) 1.19(0.52 - 2.70) 0.68
No 13 (3.5) 361 (96.5) 1
(Contact with a Family Member Treated for Malaria Last 28 Days
Yes 14 (5.9) 224 (94.1) 2.46(1.08 -5.63) 0.03 2.60 (1.11 - 6.06) 0.03
No 10 (2.5) 394 (97.5) 1

History of Travel to a Malaria-Endemic Area Past 28 Days
Yes 8(9.2) 79 (90.8) 3.41(1.41-8.23) <0.01 |3.67(1.47-9.20) <0.01
No 16 (2.9) 539 (97.1) 1
Note: *cOR = Crude Odds Ratio, aOR = Adjusted Odds Ratio

Our study investigated factors associated with malaria infection in regions implementing Case Based
Surveillance in Tanzania from August 2021 to May 2022. The findings suggest that having a history
of contact with a household member who had been on malaria treatment in the past 28 days as well as
having a history of travel in a malaria endemic area within the past 28 days, are significantly associated
with increased odds of malaria positivity, whereas having a family size of more than 6 members is
significantly associated with reduced odds of malaria positivity.

We observed significantly higher odds of having a positive malaria test in individuals with a history
of contact with a person previously treated for malaria in the past 28 days. Similar findings have been reported
by previous literature (8—11). This concern may have been contributed by either delay in obtaining a malaria
treatment or non-adherence to antimalarial drugs, which may have all contributed to increased risk of
disease transmission from index cases to contacts. Increased malaria infectivity has been reported by
individuals who had delayed or had not adhered to malaria treatment (12). These factors may have made
these individuals act as reservoirs for the ongoing transmission of malaria parasites from one individual
to another in the household. The lack of index case data on drug adherence and schedules from this dataset
provides a setback to making comparisons with other studies.

Furthermore, our analysis showed that a history of travel to the malaria-endemic area in the past 28 days
before re-ACD was significantly associated with an increased risk of having a positive malaria test. These
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results are congruent with the findings reported from a meta-analysis study that reported travel as a key
risk factor for malaria transmission in pre-elimination settings (13). Similarly, our results are also
similar to previous literature (14—16). Being regions of potential tourism interest, Kilimanjaro, Arusha,
and Manyara regions are likely to be visited by different individuals across the world who might be poten-
tial sources of the infection. However, the use of ultra-sensitive diagnostic tests such as loop-mediated
isothermal amplification polymerase chain reaction has been suggested as an alternative approach to
early detection of travel-associated malaria at key border entry points (17).

Surprisingly, our analysis has revealed that the higher the family size of more than 6 members, the
lower the risk of malaria infection. This finding is contrary to what has been reported by other literature on
an increased risk of malaria infection with increasing family size (18-20). Other studies have found
no significant association between family size and risk of malaria transmission (21, 22). However,
households with larger family sizes have been associated with having good knowledge and positive
attitudes about malaria (23). Therefore, households with large family sizes, are more likely to use their
good knowledge engaging in malaria prevention practices enough to cover a large area of house surround-
ings during cleaning.

CONCLUSION

Having a history of contact with a family member treated for malaria or had traveled to a malaria-
endemic area in the last 28 days, as well as having a family size of fewer than three members, were risk
factors for positive malaria rapid tests among contacts of index cases in the Kilimanjaro, Arusha, and
Manyara regions under malaria surveillance. Enhancing community engagement in malaria elimination
programs could accelerate progress in these regions.
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