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Objectives: The aim of this study was to investigate coronavirus disease 2019 (COVID-19) epidemic characteristics in Africa and provide some references to prevent pandemic.

Methods: We collect information of the laboratory-confirmed case of COVID-19 that has been reported since April 28, 2020 in Africa, describe the epidemic characteristics in different regions of Africa, and predict the spread trend.

Results: (1) There are 35,309 COVID-19 cases and 1,522 deaths in 54 African countries. Both case amount and death toll in Northern Africa are higher than those in other African regions, whereas the case fatality rate (CFR) in Africa is lower than that of the world. (2) Among the 54 countries in Africa, 39 of them (72.22%) report confirmed cases between 1 and 499. (3) In total, 596,146 tests have been conducted in 35 countries, and 28,271 patients have been confirmed, with a positive rate of 4.74%. However, there are only 335 tests (interquartile range: 145.5–874) for every 1 million people in Africa. (4) The number of infection cases will increase to around 150,000 at the end of May according to our model.

Conclusion: In Africa, COVID-19 spreads faster while with a relatively lower CFR, and it may be related to higher young people ratio. In addition, test intensity of COVID-19 is obviously insufficient in Africa.
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INTRODUCTION

Since the first coronavirus disease 2019 (COVID-19) case was reported in Wuhan, China, a dramatically increasing number of cases had been identified, although its exact origin remained unknown until now [1]. As of April 28, 2020, there were a total of 3,136,508 cases from 210 countries and territories, and 217,813 cases died. Africa reported the first case of COVID-19 on February 14; currently, a total of 35,309 confirmed cases and 1,522 related deaths have been reported in 54 African countries [2].

Although African cases only account for 1.13% in the world, due to the unique demographic and geographic characteristics, COVID-19 spreads much faster in Africa than that in other regions. In addition, the African relatively higher ratio of young population and the fragile public health system have exacerbated the disease epidemic [3]. Hence, Africa is suffering from the huge challenge of the COVID-19 pandemic. This article introduces some epidemic characteristics of COVID-19 in Africa, such as the case number and distribution, the case fatality rate (CFR) and its regional difference, the total tests and test intensity, and the transmission type. In addition, as the COVID-19 is at the early stage, we use the Matlab Curve Fitting toolbox to fit the model with the outbreak data and make the forecasting. We hope that this article would make the government pay more attention to the epidemic and provide some references for effective prevention and control in Africa and other countries.



MATERIALS AND METHODS


Materials
 
Data Sources and Definition

Population characteristics, such as population density (= people number/km2), urban population rate (= current urban people number/total population amount ×100%), age structure, median age (index by dividing a population into two numerically equally sized groups), and current population amount in each country, are searched on the website “Worldometer-Population” [4] and “Central Intelligence Agency” [5].

Data of total confirmed COVID-19 cases, total COVID-19 deaths, total test samples, test intensity (= test numbers/1 million population), the country reporting the first case, transmission type (imported or local), and amount are derived from the “Worldometer-Coronavirus” [2], “African Centers for Disease Control (CDC)” [6], and “COVID-19 Global Pandemic Real-time Report” [7]. The age and gender distributions of confirmed COVID-19 cases originated from the “World Health Organization” [8]. All data in this article are updated to April 28, 2020, unless otherwise stated.

Different organizations have different divisions of African regions. In this article, the regional classification of Eastern, Southern, Western, Northern, and Central Africa is based on the “African CDC” [6].




Methods

The total number of COVID-19 cases and deaths in African countries has been recorded each day since February 14. The total case number and the CFR in different African regions are calculated according to the regional division [6]. The global total number of COVID-19 cases, CFR, total test amount, and intensity are searched online [2]. At the same time, population characteristics of Africa and related 16 countries are investigated on the Internet.

We predict the required time that Africa arrives at the indicated case number (100, 500, 1,000, 5,000, 10,000, 50,000, and 100,000) using formulas (1) and (2):
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notes: a = required in a country; α = case arrival indicated number in the country; β = the case first reported in the country; b = predicative case arrival indicated number in Africa; γ = the case first reported in Africa; δ = median Daya among 16 countries.

Data we use to calculate the median day is from 16 countries, including USA, Italy, Germany, and China, etc. (see Table 1). The test intensity in this article is defined as “test numbers/1 million population,” and test positive rate is calculated by formula (3):
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In addition, we use the Matlab Curve Fitting toolbox to fit the model with the outbreak data and make the forecasting. The number of cumulative number of cases at time interval t, C(t), is modeled by the following equation:
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where p∈[0, 1] is a “deceleration of growth” parameter and r is a positive parameter denoting the growth rate.


Table 1. Population characteristics and transmission dynamics of COVID-19 in some countries.
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Figure 1 shows the flowchart in this article.
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FIGURE 1. Flowchart of this article.




Statistical Methods

Categorical data are presented as frequencies and percentages, whereas continuous data without normal distribution are expressed as median and interquartile range (IQR). A chi-square test is used to compare the differences in CFR of COVID-19 or test positive rate among different regions. The Wilcoxon rank-sum test is applied to test intensity between the globe and Africa. Multiple linear regression analysis (stepwise linear regression) is used to explore the relationship between population characteristics and COVID-19 disease transmission speed in countries. Statistical analyses are performed using IBM SPSS Statistics for Windows (version 23.0, IBM Corp., Armonk, NY, USA), and p < 0.05 is considered statistically significant.




RESULTS


Case Number and Distribution

Figure 2A shows the trend of COVID-19 cases in Africa: the daily increase was < 100 cases before March 19, whereas it reached up to 100–500 during March 19–24, and it exceeded 500 cases/day after March 24. Similar to the above-mentioned, there were only 13 countries that reported COVID-19 cases before March 13, whereas the entire African countries discovered the case on April 6 (Figure 2B). Figure 2C demonstrates the COVID-19 distribution in African countries on April 28.
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FIGURE 2. Case number and distribution in Africa. (A) Confirmed COVID-19 and death cases in Africa over time, (B) number of countries with COVID-19 over time, (C) case distribution in Africa, (D) confirmed COVID-19 cases in different African regions. Three countries of Sahrawi Arab Democratic Republic (Northern Africa), Union of the Comoros (Eastern Africa), and Kingdom of Lesotho (Southern Africa) are not included, (E) distribution of COVID-19 cases in different countries in Africa, (F) age structure in Africa and other countries. Two countries of Mayotte and Reunion are not included.


Regarding the case distribution, there were 13,986 cases coming from Northern Africa, taking account for 40.59%, followed by Western Africa (n = 8,614, 25.00%), Southern Africa (n = 5,364, 15.57%), Eastern Africa (n = 3,474, 10.08%), and Central Africa (n = 3,020, 8.76%). Figure 2D indicates that the case number in Northern Africa grew faster than that in other African regions.

The five countries in Africa with the highest cumulative number of cases (proportion of reported cases in Africa) were Egypt (n = 5,042, 14.28%), followed by South Africa (n = 4,996, 14.15%), Morocco (n = 4,252, 12.04%), Algeria (n = 3,649, 10.33%), and Cameroon (n = 1,705, 4.83%). These five countries accounted for 55.63% in entire Africa, whereas these ratios in Europe and China were 69.16 and 86.88%, respectively (χ2 = 10,526.70, p < 0.001). In addition, 39 (72.22%) countries reported cases between 1 and 499 (Figure 2E). All those data suggest that the case distribution in Africa is relatively scattered.

According to the available data [8] on the age and gender distributions of confirmed COVID-19 cases in the World Health Organization (WHO) African region (n = 4,639) from February 25 to May 5, the male to female ratio among confirmed cases was 1.8, and the median age was 42 years (range: 0–105). Males (62%) in the 31–39 and 40–49 age groups were more affected than females (38%) across the same age groups.



Case Fatality Rate and Regional Difference

The COVID-19 CFR in the globe gradually increased over time. However, the CFR in Africa increased from February 14, the peak value was on April 11 (5.24%), and it began to slowly decrease after that day. Moreover, there were 1,522 death tolls as of April 28 with a CFR of 4.31% in Africa, which was lower than the global CFR of 6.94% (χ2 = 113.96, p < 0.001; Figure 3A). The countries with the highest CFR in Africa were Algeria, followed by Liberia, Egypt, Burkina Faso, and Democratic Republic of the Congo (Figure 3B).


[image: Figure 3]
FIGURE 3. Case fatality rate and region difference. (A) CFR of COVID-19 in Africa, (B) the top 10 African countries with COVID-19 CFR. COD, The Democratic Republic of the Congo; CFR, case fatality rate. (C,D) Comparison of COVID-19 CFR in different African regions. Three countries of Sahrawi Arab Democratic Republic (Northern Africa), Union of the Comoros (Eastern Africa), and Kingdom of Lesotho (Southern Africa) are not included.


Figures 3C,D indicate that the COVID-19 death toll in Northern Africa has increased dramatically since March 28, and its CFR was higher than that of other regions in Africa (7.18 vs. 1.99–3.34%, χ2 = 228.18, p < 0.001).



Total Tests and Test Intensity

As of April 28, a total of 30,832,243 COVID-19 tests were conducted in 174 countries, and 3,070,343 patients were confirmed, with a positive rate of 9.96%. In these countries, there were 5,307 tests (IQR: 837.5–17,152.75) for every 1 million people. Regarding Africa, a total of 596,146 tests were conducted in 35 countries, and 28,271 patients were confirmed, with a positive rate of 4.74%. However, there were only 335 tests (IQR: 145.5–874) for every 1 million people in Africa. Both test intensity and test positive rate in Africa were lower than those in the globe (χ2 was 27.239 and 15,041.85, respectively, all p < 0.001). Moreover, the test positive rate and test intensity in African regions were different. Figure 4 demonstrates that the test intensity in Northern Africa was higher than that in other regions, whereas the test positive rate in Central Africa seemed better.


[image: Figure 4]
FIGURE 4. Test positive rate and test intensity in different Africa regions.




Transmission Type

The transmission type is divided into two ways: imported or local transmission. Just like in Tianjin, China, imported cases predominated at the early stage. However, local transmission patients became more and more over time [9]. In Africa, there were only 33.68% local transmission cases from February 14 to March 10, whereas this ratio was up to 99.06% in the first week in April (Table 2). However, the duration of imported transmission in Africa was longer than that in Tianjin (24 vs. 7 days).


Table 2. Transmission type of COVID-19 in Africa.
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A total of 105 cases were confirmed from February 14 to March 10. Among them, 63 imported cases were reported by nine countries. Forty-five cases (71.43%) came from an Egypt cruise ship (12 crew members, 14 Egyptians, and 19 foreigners), followed by France (n = 9), Italy (n = 5), Kazakh (n = 2), United Kingdom (n = 1), and Canada (n = 1) [6].



COVID-19 Case Dynamic Prediction for Africa

We analyze the population characteristics and COVID-19 transmission dynamics in 16 countries from different continents [2, 10] (Table 1). The median days required for arrival to 100 and 500 cases of COVID-19 in these countries are 32 and 37, respectively. However, it only requires 25 and 33 days in Africa, respectively. The age structure in Africa and other countries was shown in Figure 2F. It indicates that the ratio of 0–24 years old in Africa was significantly higher than that in the globe (50.06 vs. 40.75%, χ2 = 46,613,552.9, p < 0.001). Moreover, multivariate linear regression analysis shows that when the confirmed case is below 1,000, the transmission speed in these countries is only related to the median age (B = 2.044, t = 2.285, p = 0.043), whereas the other three variables, including population density, total population, and urban population rate, are not significantly different (p-value was 0.311, 0.051, and 0.414, respectively). According to the speed of virus transmission in these 16 countries, we predict that the African COVID-19 cases will reach 50,000 and 100,000 cases on April 12 and 26, respectively (Figure 5).


[image: Figure 5]
FIGURE 5. Predictive curve of transmission dynamics of COVID-19 in Africa (1).


Moreover, in order to estimate the future situation of COVID-19 infection in Africa for the upcoming intervention policy planning, we analyze and forecast the number of infection cases in Africa. As the COVID-19 outbreak in Africa was at the early stage, we adopt the early epidemic growth model [10] developed to analyze the COVID-19 transmission pattern in Africa. Figure 6 (upper) shows the outbreak data of all countries in Africa. Figure 6 (lower) shows the fitting result and the forecast result until May 31, 2020. As shown in Figure 6 (lower), the early epidemic growth model well-characterizes COVID-19 transmission dynamics in Africa. According to the model, the number of infection cases will increase to around 150,000 at the end of May.


[image: Figure 6]
FIGURE 6. Predictive curve of transmission dynamics of COVID-19 in Africa (2).





DISCUSSION

In Africa, COVID-19 has spread to only 13 countries from February 14 to March 13, whereas up to the entire 54 countries on April 6. The virus in Africa spreads significantly faster at the early stage than that in other regions, as demonstrated by Figure 5. Our results show that the transmission speed of COVID-19 is related to the median age. The younger the population, the faster the virus spreads. Table 1 shows that the virus spreads significantly faster in Iran (median age = 32 years) or Turkey (median age = 31.5 years) than in other countries. Data analyzed about the first 425 confirmed cases in China suggest that the epidemic doubled in size every 7.4 days at the early stage, whereas it needs < 4 days in Africa (105 confirmed cases in 24 days) [6]. The median age of those patients is 59 years, and more than 80% of patients are ≥45 years in that Chinese study [11]. However, Africa is a high concentration of young people, with a median age of 19.7 years, which may lead to the faster spread of COVID-19.

In addition, cases distribution in Africa is relatively scattered. The top five countries with the largest cases account for 55.63% of all African cases, which is obviously lower than Europe (69.16%), Asia (68.62%), or North America (99.51%) [7]. On the other hand, although imported cases are predominant at the early stage of the African outbreak, community-transmitted cases have recently occurred in more and more countries over time. There are only 1–499 confirmed COVID-19 cases in 39 (72.22%) countries among Africa (Figure 2B); however, it will lead to the rapid spread of the epidemic, just like a single spark could start a prairie fire.

Furthermore, many people in Africa have serious health issues, such as malaria, HIV, and tuberculosis, that make them vulnerable to COVID-19 [12]. Sub-Saharan Africa has one of the highest levels of child malnutrition globally. Recent research finds that the stunting and underweight rates in Burundi are 57.7 and 28.8%, respectively, whereas the wasting rate is 18.0% in Niger, followed by Burkina Faso (15.50%). COVID-19 may put malnourished children at significant risk [13, 14].

Moreover, COVID-19 shares some of the highly similar symptoms with malaria, such as fever, difficulty in breathing, fatigue, and headaches of acute onset. What is more, both two diseases could affect similar organs of the body. Thus, a COVID-19 case may be misclassified as malaria if symptoms alone are used to define a case during this emergency period [15]. Hence, the actual case numbers at the early stage are much smaller than prediction, as shown in Figure 5. For example, predictive cases would reach 50,000, whereas actual cases were only 13,813 on April 12. Although the WHO has already supported Africa with early detection by providing thousands of COVID-19 testing kits to limit the widespread transmission, health officials in many African countries concede that the case amount is far higher than those confirmed [16, 17]. Meanwhile, the shortage of testing kits in Africa has induced that test intensity only accounts for 6.31% of the world (median: 335 tests vs. 5,307 tests/1 million population) [18].

The lower CFR of COVID-19 in Africa may relate to a higher proportion of younger population. Data from Italy indicate a much higher CFR among the elderly [19]. Another data also find that COVID-19 kills an estimated 13.4% of patients of 80 years old or older, compared with 1.25% of those in their 50's and 0.3% of those in their 40's [20]. In addition, over 80% of the deaths in China occur to people of 60 years old or older at the early stage of COVID-19 [21]. People in that age group account for 16% of the population, whereas in Africa, they only make up just 5% of the population [12]. Africa's relatively young population could help buffer the continent against CFR. Similarly, the relatively higher CFR in Northern Africa may relate to the lower ratio of younger people. For example, the median ages in Egypt, Algeria, and Morocco are 24.6, 28.5, and 29.5 years, respectively, whereas the median age in Africa is only 19.7 years [4]. On the other hand, Africa has a high incidence area of malaria, and chloroquine or hydroxychloroquine (HCQ) is the first-line drug for the treatment. Recently, research shows that chloroquine or HCQ is also a potential treatment for COVID-19 [22]. Is the lower CFR related to some changes in the body caused by repeated use of chloroquine or HCQ by Africans? Until now, however, there is no sufficient evidence whether the lower COVID-19 CFR in Africa is related to the exposure of chloroquine or HCQ.

The reason for the relatively lower test positive rate in Africa remains unclear until now. The current gold standard for the etiological diagnosis of COVID-19 is (real-time) reverse transcription polymerase chain reaction (rRT-PCR), which is affected by many factors, such as inadequate procedures for collection, handling, transport, and storage of the swabs and collection of inappropriate or inadequate material, as well as sample contamination [23]. On the other hand, a high proportion of young people in Africa may be another reason. Liu et al. [24] tested 4,880 cases using quantitative RT-PCR and found that a positive rate of 18–29 years in patients is only 24.90%, whereas it is ≥70 years with 61.81%. A single negative RT-PCR should not exclude COVID-19, especially if clinical suspicion is high. Chest CT has higher sensitivity for the diagnosis of COVID-19 than initial RT-PCR from swab samples [25].

According to the volume of air travel between China and Africa, a modeling study about African countries imported COVID-19 cases demonstrates that countries with the highest importation risk are Egypt, Algeria, and South Africa [26]. However, data from the African CDC indicate that the origin of imported cases in Africa is mainly from Europe (i.e., France, Italy, and United Kingdom), although COVID-19 is first reported in China [6, 27]. In addition, among these 105 patients reported as of March 10, 80 (76.19%) were distributed in Northern Africa, and most of them were imported from Europe. This may be the reason why the number of COVID-19 cases in Northern Africa is higher than that in other African regions.

Although accounting for 1.13% of the world cases, Africa also needs a response immediately to prevent its pandemic. However, most African countries remain woefully unprepared for what is coming [28]. So far, quarantine is the most effective measure to prevent virus transmission, but in African cities, particularly in tightly packed informal settlements, keeping people apart is very difficult because most people need daily income to survive. People are relatively dispersed in rural areas, while communicating information about social distancing will also be challenging [12, 17].

After closing borders and mitigated measures, including restrictions on movement, public gatherings, and schools, some countries have seen a reduction in the average daily case growth, whereas it will undoubtedly depress economics in Africa [27]. Whether lockdown is suitable for Africa remains unknown. However, Africa could work together to prevent the spread of COVID-19 and amplify their collaboration by sharing data, capabilities, and coordinating strategies. Global or regional unions (the WHO, African CDC, or West Africa Health Organization) can be powerful drivers of that cooperation [12, 27, 29]. In addition, regional workshops need to conduct to strengthen the capacity for enhanced surveillance at points of entry, infection prevention and control, risk communication, and clinical case management [27]. Countries in Africa can apply a combination of containment and mitigation measures to delay a surge in cases that could overwhelm the availability of hospital beds, while protecting the medically vulnerable, such as the elderly and those with comorbidities [27]. What is more, African countries should raise response fund to strengthen test capacity, effective surveillance and contact tracing, and isolation. For example, the Jack Ma Foundation has provided medical supplies, including diagnostics, and equipment to each of the 55 countries in Africa [30].

There are some limitations in this article. Firstly, some information, such as basic reproduction number (R0), incubation, clinical presentation, and treatment strategies are not collected in this study due to unavailable public data. Secondly, this article only considers population density, age, urban rate, and total population as factors affecting the spread of COVID-19. In fact, some factors, such as poverty and education level, may also affect the spread, and these factors will be researched in the future. Lastly, the epidemic characteristics of COVID-19 in each country are not the same, and the accuracy of the data provided by 16 countries is uncertain. Using the epidemiological characteristics of these countries to predict development trends in Africa may be biased. There are some new methods, such as multi-scale asynchronous belief percolation model, temporal networks, and dynamical clustering in electronic commerce systems [31–33], that may improve the limitations in this article. We will use these methods in the future research.

In total, COVID-19 spreads faster in Africa, with a relatively lower CFR, and it may be related to higher young people ratio. Test intensity of COVID-19 is obviously insufficient in Africa. Africa could work together to prevent the spread of COVID-19.
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Population Urban Medianage  Current population  Reported 1°t Days required for case growth
density (P/km?)  population (%) (vear) (million) case®
100 500 1k 5k 10k 50k 100 k
USA 36 8238 383 330,52 Jan10 52 58 61 67 69 74 77
Italy 206 695 473 60.48 Jan20 25 20 81 88 41 52 61
Germany 240 768 457 8378 Jan26 85 39 42 49 52 61 70
Spain 94 80.3 449 46.75 Jan 30 32 37 39 43 47 56 62
France 119 815 423 65.28 Jan23 87 43 45 52 56 68 75
UK 281 832 405 67.8 Jan30 85 42 44 51 56 67 77
China 153 608 384 1,430.32 Dec 1 48 52 54 58 61 73
Iran 52 755 320 83.72 Feb18 8 11 18 18 28 44
Turkey 110 757 315 84.11 Mar 9 9 11 13 18 21 83
Russia 9 737 396 145.92 Mar 2 15 28 25 84 88 50
Switzerland 219 744 431 864 Feb26 8 14 16 28 28
Belgium 383 983 419 11.58 Feb3 32 89 42 52 55
Netherlands 508 %5 433 17.18 Feb24 11 18 21 20 836
Austria 109 573 435 8.99 Jan24 44 49 52 60 67
S. Korea 527 818 437 51.26 Jan19 32 35 38 44 75
Brazi 25 876 335 212,18 Feb24 18 28 26 36 40
Africa 45 438 19.7 1,332.38 Feb14 25 33 37 46 53
Median (day)* 153 803 423 65.28 32 37 89 44 52 585 725
*African data not included.

aThe first case was reported in 2019 in China; the other countries were in 2020.
Bold values mean the median day required for case growth to indicated number among those 16 countries.
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