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The aim of this study was to determine the level of aflatoxin M1 (AFM1) in pasteurized and UHT milk 
marketed in Dar es Salaam, Tanzania.  AFM1 in pasteurized milk samples (75) and ultra-high temperature 
(UHT) milk (43) was determined by using immuno-affinity high performance liquid chromatography. 
AFM1 was detected in 97% (115/118) of samples that consisted of 96% (72/75) of pasteurized milk 
samples and 100% (43/43) of UHT milk samples. About 82% of the contaminated pasteurized and UHT 
had AFM1 levels above EU acceptable levels (0.05 µg/L). However, none of the contaminated pasteurized 
and UHT milk sample had levels of AFM1 above the maximum recommended Codex limits (0.5 µg/L). The 
results indicate that the contamination of the samples with AFM1 at such level could pose a serious 
public health problem. Thus, regular monitoring of AFM1 levels in milk is important in order to protect 
consumers.  
 
Key words: Aflatoxin M1, ultra-high temperature (UHT), milk, pasteurized milk, food safety. 

 
 
INTRODUCTION 
 
Tanzania has the third largest livestock population in 
Africa comprising 25 million cattle out of which 98% are 
indigenous breeds (FAO, 2020). The dairy production in 
Tanzania is categorized into two systems: traditional 
system and dairy system (Munyaneza et al., 2019). 
Traditional system is the most dominant and it is based 
on both milk and meat products; dairy system is based 
mainly on milk production (URT, 2017). In the  year  2018 

about 934,628 tonnes of raw and heat-treated milk were 
produced in Tanzania. Milk production contributes to 
income, food security, nutrition and household livelihood 
(FAOSTAT, 2020). The sector contributes to 7.4% of total 
national GDP and the annual growth rate (2.2%) of the 
sector is considered low (FAO, 2020). Raw milk is a 
valuable nutritious food, highly perishable, with short 
shelf-life and it is an excellent medium  for  the  growth  of 

 
*Corresponding author. E-mail: hmwakosya@gmail.com. Tel: 0765825585. 
  

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


 

 
462         Afr. J. Microbiol. Res. 
 
 
 
microorganisms, particularly harmful bacterial pathogens 
that can cause spoilage and diseases to consumers 
(FAO, 2021). Heat treatment of milk such as 
pasteurization and ultra-high temperature (UHT) allows 
the preservation of milk and helps to reduce food-borne 
illness (Melini et al., 2017). 

According to FAO/WHO (1982), pasteurization is 
defined as a heat treatment process applied to a product 
such as milk with the objective of minimizing numbers of 
harmful micro-organisms to a level at which they do not 
constitute a significant health hazard with minimal 
chemical, physical and organoleptic changes in the 
product. It also extends the storage time for some 
products by reducing the number of spoilage micro-
organisms in the product (FAO/WHO, 1982). Codex 
Alimentarius (2004), defined UHT treatment of milk and 
liquid milk products as the application of heat to a 
continuously flowing product using such high 
temperatures for such time that renders the product 
commercially sterile at the time of processing. When UHT 
treatment is combined with aseptic packaging, it results in 
a commercially sterile product at the heating range of 135 
to 150°C for 1 s up to 4 s (Melini et al., 2017). AFM1 is a 
heat stable compound that can survive heat treatment 
such as pasteurization, UHT technique and autoclaving 
but also AFM1 may be reduced but not completely 
destroyed by heat treatments (Mahmoodi et al., 2019; 
Tahira et al., 2019).  

Aflatoxins are amongst the most poisonous mycotoxins 
and are produced by Aspergillus flavus, Aspergillus 
parasiticus and Aspergillus nomius fungi found in soil and 
that can grow in plant, human food products and feeds 
(WHO, 2018). The most important aflatoxins in order of 
toxicity are BI, B2, G1, and G2 (Ismail et al., 2018; Tahira 
et al., 2019). Aflatoxins may also be found in the milk of 
animals that are fed contaminated feed, in the form of 
aflatoxin M1, a hydroxylated metabolite of aflatoxin B1, 
within 12 h of contaminated feed consumption (Langat et 
al., 2016). Once lactating cow consume contaminated 
feeds with aflatoxin B1 it is absorbed into the 
gastrointestinal tract and biotransformation occurs in the 
liver by cytochrome P450 enzymes to form a 4-hydroxy 
metabolite known as aflatoxin M1, a compound  soluble in 
water and therefore it is easily excreted in milk during 
milking (Daou et al., 2020; Tahira et al., 2019).  

Aflatoxin M1 is a hepato-carcinogen, classified as a 
group 1 carcinogen by International Agency for Research 
on Cancer (IARC Monograph, 2018). Aflatoxin M1 is heat-
stable and can survive pasteurization, autoclaving and 
thermal inactivation (Zakaria et al., 2019). The 
contamination of milk and milk products by aflatoxin M1 
has been reported in various countries such as Morocco 
(Mannani et al., 2021), Iran (Mahmoodi et al., 2019), 
Lebanon (Daou et al., 2020), Turkey (Eker et al., 2019), 
Pakistan (Tahira et al., 2019), and Kenya  (Langat  et  al., 

 
 
 
 
(2016). 

The occurrence of aflatoxin M1 in milk in Tanzania 
reported earlier indicated that 92% of raw cow milk 
retailed in Dar es Salaam city was contaminated with 
aflatoxin M1 (Urio et al., 2006) and 83.8% of raw cow milk 
from households in Singida was contaminated with 
aflatoxin M1 (Mohammed et al., 2016). However, there is 
no information on aflatoxin M1 contamination of 
pasteurized and ultra-pasteurized (UHT) milk in 
Tanzania, as well as the awareness of contamination. 
Thus, the aim of this study was to carry out surveillance 
of the level of contamination of aflatoxin M1 in pasteurized 
and ultra-pasteurized marketed milk in Dar-es-Salaam, 
commercial capital of Tanzania. The results of this study 
will provide information on level of milk contamination by 
aflatoxins and contribute to raise awareness and efforts 
of food control authorities in developing strategies to 
ensure public safety.  
 
 
MATERIALS AND METHODS 
 
Sample collection 
 
A total of 118 milk samples both ultra-high temperature (UHT) and 
pasteurized were purchased randomly from different mini markets 
and supermarkets located in Kinondoni, Ilala, Temeke, Ubungo and 
Kigamboni districts of Dar es Salaam region a commercial city of 
Tanzania during December 2020 and January 2021. This region 
was selected on purpose since it is the  largest urban consumer 
market with availability of milk brands from different regions in Dar 
es Salaam shops/outlets. Seventy-five samples of pasteurized milk 
and 43 UHT milk samples were collected. The larger number of 
pasteurized milks collected is due to the fact that most dairies 
produce pasteurized milk.  

The collected samples originate from two climatic zones of 
Tanzania, hot humid coastal zone (Tanga, Morogoro, Dar es 
Salaam and Zanzibar) and temperate highland zone (Kilimanjaro 
and Iringa). All samples were randomly purchased, coded and 
transported in an ice box together with their original packaging prior 
to laboratory analysis at the Tanzania Bureau of Standards (TBS) 
food laboratory in Dar es Salaam. 
 
 
Aflatoxin M1 analysis 
 
Reagents standards, chemicals, columns and other materials 
 
HPLC grade acetonitrile, methanol and glacial acetic acid were 
obtained from Fisher Scientific UK. A standard aflatoxin M1 (0.504 
µg/L) solution was obtained from Biopure, Romer Labs Diagnostics 
GmbH, Tullin Austria. Distilled water was produced with a Milli-Q 
Integral 15 water purification system, France. Whatman Filter paper 
No. 4 (Whatman Inc., Clifton, NJ, USA) and AflaStarTM M1 R, 
Immunoaffinity Columns (IAC) for aflatoxin M1 were from Romer 
Labs, Austria.  
 
 
HPLC conditions  
 
The  HPLC  system   (Infinity   II,   Agilent   technologies)   with   vial 



 

 
 
 
 
 
sampler, Quant pump, MCT and FLD Spectra (model 1260) with 
excitation set at 365 nm and emission 450 nm was used. 
Instrument settings were: injection volume 50 µL, pump flow rate 
0.8 mL/min, run time was 6 min, HPLC analytical column 4.6×150 
mm (Waters® Spherisorb® 5 µm ODS1, Ireland) column oven set 
at 25°C, mobile phase comprised 2% acetic acid: acetonitrile: 
methanol (40:35:25) that was prior degassed for 20 min and run 
isocratically. Data acquisition and processing were done with 
OpenLab software (Version 3.4, Agilent technologies). Aflatoxin M1 
peak in the chromatogram was identified by comparing its retention 
time with that of the analyzed aflatoxin M1 standard under the same 
conditions. 
 
 
Standards preparation 
 
Exactly 1985 µL of aflatoxin M1 standard was added in 9015 µL of 
aflatoxin M1 mobile phase to get a stock solution of 100 µg/L. This 
solution was used to prepare 5, 8 and 10 µg/L standards by 
dilutions with mobile phase. The 10 µg/L standard was further 
diluted with mobile phase to prepare 0.1, 0.5, 1 and 3 µg/L 
standard. These seven standards were used for validation and 
quality control of the method.   
 
 
Extraction and quantification of aflatoxin M1 by HPLC 
 
The method for extraction, detection and quantification of aflatoxin 
M1 in the milk samples was done in a dark room according to 
Behfar et al. (2012) with minor modifications. Fifty milliliters of the 
milk samples were measured in Teflon tubes, warmed up in the 
water bath (ThermoHaake IP30, Germany) set at 37°C. Samples 
were centrifuged at 4000 rpm for 15 min (Eppendorf 5810R, 
German) and the fat layer was removed completely and milk was 
filtered through filter paper (Whatman No. 4, UK). 10 mL of the 
filtered milk sample was passed through aflatoxin M1 immuno-
affinity column (AflaStarTM M1 R IAC column, Romer Labs, Austria) 
at steady flow rate of 2 to 3 mL/min. The column was washed with 
10 mL distilled water (Milli-Q Integral 15 water purification system, 
France) two times. The column was dried by means of the syringe 
plunger and the toxins were eluted by 1 mL acetonitrile in two 
portions of 500 µL into test tubes. The extract was evaporated with 
nitrogen concentrator at 50°C to dryness gently with stream of 
nitrogen. The residues were reconstituted with 500 µL of mobile 
phase and vortexed ready for injection into HPLC system.   

 
 
Method validation 
 
Quality control 
 
Linearity of the method was determined by running a seven-point 
calibration curve that was prepared from standard solutions having 
concentrations of 0.1, 0.5, 1, 3, 5, 8 and 10 µg/L each ten times. 
Peak area was plotted against concentration to give a regression 
equation which was used to determine aflatoxin M1 concentrations. 
The calibration curve is described with the equation y = 0.4796x + 
0.0044 (R2 = 0.9992). 

 
 
Recovery of aflatoxin M1 
 
The accuracy of the method was established based on the 
percentage recovery, and contaminated milk  which  was below  the  

Mwakosya and Mugula          463 
 
 
 
limit of detection was treated as blank sample and spiked with 1.0 
µg/L aflatoxin M1 standard solution, it was then run-in triplicate 
parallel with the samples. Recovery was calculated as: 
 

 
 
Recovery in spiked sample was greater than 89% (89.8, 89.4 and 
90.2%) with the average being 89.8% indicating the suitability and 
good performance of the HPLC.  
 
 
Determination of the limit of detection and limit of quantitation 
of the HPLC method 
 
The LOD and LOQ were established by analyzing successive 
lowest dilutions (0.1 µg/L) of the standard solution in the matrix. 
These LOD and LOQ values were related to the signal to noise 
ratio considering concentration that generated at 3 and 10 times, 
respectively of the lowest calibration point. The limits of detection 
(LOD) and quantification (LOQ) were 0.01 and 0.031 µg/L, 
respectively. Precision of the method was determined by running 
the lowest standard of 0.1 ng/mL ten times for three days and 
precision was determined by calculating their relative standard 
deviation. The measurement uncertainty, expressed as relative 
standard deviation (RSD) was 1.35%. 
 
 
Statistical analysis 
 
Data analysis was done with R Software (version 4.0.3, 2020), as 
shown in the equation: 
 

𝑌𝑖𝑗 = µ + 𝛽𝑖 + 𝜏𝑗 + 𝓔𝒊𝒋 1 
 

 

where Yij is the response (aflatoxin concentration) corresponding to 
the jth treatment (processing technique) in the ith zones, μ is the 
overall mean, τj is the jth treatment effect, and βi is the ith zones 
effect. 

Skillings-Mack’s test (Chatfield and Mander, 2009) by using 
‘Skillings.Mack’ package in R was used for testing the significance 
variation interaction between process (UHT and pasteurized). 
Kruskal-Wallis test was used for testing effect of each treatment 
(sample type) while its pairwise comparisons was done by using 
Wilcoxon rank sum test with continuity correction. The p< 0.05 was 
considered significant. All data were summarized as mean and 
expressed in tables ±SE of the mean. 
 
 

RESULTS AND DISCUSSION 
 

Aflatoxin M1 contamination in pasteurized and UHT 
milk 
 

Among the 118 UHT and pasteurized milk samples 
analyzed in this study, 97.5% (115/118) samples were 
contaminated with AFM1. This is similar to the study 
reported by Daou et al., (2020) in Lebanon that indicated 
90.9% aflatoxin M1 contamination in UHT and 
pasteurized milk. The results of the present study were 
higher  than the study conducted by Nejad et al. (2019) in 



 

 
464         Afr. J. Microbiol. Res. 
 
 
 

Table 1. Aflatoxin M1 contamination in pasteurized and UHT milk marketed in Dar es Salaam.  
 

Milk type Sample(N) Contaminated, sample n(%) Mean±SEM (µg/L) Range (µg/L) 

UHT 43 43 (100) 0.07±0.008
b
 <LOD-0.454 

Pasteurized 75 72 (96) 0.144±0.015
a
 0.01-0.1 

 

N is the total number of samples analyzed for each type of milk. n is the total number of contaminated samples for each 
type of milk. Mean with different superscripts are significant different at p<0.05. 

 
 
 

Table 2. Incidence of aflatoxin M1 contamination in pasteurized and UHT milk exceeding EU and Codex regulatory limits 
 

Milk type Sample (N) 
Contaminated 

Sample (n)% 

Exceed EU 
limits [n (%)] 

Exceed codex 
limits [n (%)] 

Range (µg/L) 

Pasteurized 75 72 (96) 67 (93) 0 (0) 0.05-0.454 

UHT 43 43 (100) 27 (63) 0 (0) 0.05-0.115 

Total 118 115 (97) 94 (81.7) - 0.05-0.454 
 

Contaminated samples are all analyzed samples with value > limit of detection (LOD). N is the total number of analyzed samples for 
each type of milk. n is the total number of contaminated samples for each type of milk. 

 
 
 

Hamadan province of Iran who reported that 86.3% of 
pasteurized and UHT milk were contaminated with 
aflatoxin M1. However, this study was contrary to results 
of the study conducted in Casablanca, El Jadida, Fez and 
Meknès cities in Morocco, which reported that 9 (13.4%) 
of pasteurized and UHT milk samples were contaminated 
with aflatoxin M1 (Mannani et al., 2021). The discrepancy 
in AFM1 levels might be due to differences in climatic 
conditions, hygiene, and precautions to prevent AFM1 
contamination of lactating cow feedstuff and dairy 
processing. The overall prevalence of aflatoxin M1 
contamination obtained in the present study was high 
which indicates the risk of chronic exposure to 
consumers. The  high AFM1 concentrations might be due 
to poor storage of animal feeds and poor feeding 
practices observed, which resulted into aflatoxin B1 
contamination in feeds and eventually metabolized into 
aflatoxin M1 in milk. A study carried out by Mohammed et 
al. (2016) in Singida region, Tanzania reported that 
aflatoxin M1 was detected in raw milk from household 
cows fed with contaminated aflatoxin B1 sunflower 
seedcakes. 

Furthermore, this study (Table 1) showed that 96% 
(72/75) pasteurized milk samples analyzed, were found 
to be contaminated with AFM1, A similar observation was 
made in a study conducted in Beijing and Shanghai in 
China where 96.2% pasteurized milk samples were 
contaminated with AFM1 (Zheng et al., 2013). In the 
current study, all 100% (43/43) of UHT milk samples 
were contaminated with AFM1. This was similar to the 
study conducted in Pakistan whereby all UHT milk 
samples 105 (100%) were contaminated by aflatoxin M1 
(Tahira et al.,  2019).  These  results  also  confirmed  the 

heat stable nature of aflatoxin M1. 
The highest mean for AFM1 was in pasteurized milk 

with a significant difference between the means at 
p<0.05. The obtained mean value of AFM1 contamination 
in pasteurized and UHT milk samples was 0.144±0.015 
and 0.07±0.008 µg/L, respectively, while concentration 
range of pasteurized and UHT milk was <LOD - 0.454 
and 0.01-0.1 µg/L, respectively, shown in Table 1. This 
was similar to the studies reported by Lindahl et al. 
(2018) in Nairobi, Kenya and Xiong et al. (2018) in 
Henan, Hubei and Hunan provinces in China whose 
results indicated  low mean concentration of AFM1 in 
UHT milk and high mean concentration of AFM1 in 
pasteurized milk. These observations might be due to the 
fact that, UHT milk is subjected to high temperature 
(above 135

°
C) treatments to kill harmful microbes and to 

increase the shelf life of milk. The UHT heat treatment 
may reduce AFM1 concentration. This is supported by a 
study conducted by Omeiza et al. (2018) in Nigeria 
reported that high temperature treatments reduce AFM1 
up to 58.8% but could not be removed completely.  

Ninety three percent (93%) of AFM1 contaminated 
pasteurized milk sample in this study were found to 
exceed the EU regulatory limits (0.05 µg/L) and 63% of 
UHT contaminated milk sample were found to exceed the 
EU regulatory limits (0.05 µg/L) (Table 2). However, none 
of the contaminated samples of pasteurized and UHT 
milk were above the maximum Codex limit (0.5 µg/L) for 
AFM1.  

The results obtained in this study indicated that mean 
values for aflatoxin M1 contamination for pasteurized and 
UHT milk samples from hot humid coastal zone (Dar es 
Salaam, Tanga, Zanzibar and  Morogoro)  and temperate 



 

 
Mwakosya and Mugula          465 

 
 
 

Table 3. Mean concentration of contaminated UHT and pasteurized milk samples marketed in 
Dar es salaam from various climatic zones. 
 

Climatic zone Milk type Sample (N) Mean±SEM (µg/L) 

Hot humid coastal Pasteurized 57 0.15±0.019
a
 

Hot humid coastal UHT 30 0.08±0.011
b
 

Temperate highland Pasteurized 18 0.11±0.009
ab

 

Temperate highland UHT 13 0.05±0.005
b
 

 

Means across the column with different statistical letters indicates statistical different at 5% significant 
level according to Wilcoxon rank sum test with continuity correction. N is the total number of samples 
analyzed for each zone. 

 
 
 
highland zone (Kilimanjaro and Iringa) ranged from 
0.05±0.005 to 0.15±0.019 µg/L. The highest aflatoxin M1 
mean value was in the hot humid coastal zone, while 
temperate highland zone had the lowest contaminated 
sample. In all samples from climatic zones, pasteurized 
milk samples had statistically higher mean values 
(p<0.05) of aflatoxin M1 than UHT milk samples (Table 
3). Higher AFM1 concentration from hot humid coastal 
zones might be due to the fact that hot humid zones are 
characterized by high temperature and humidity which 
are favorable environmental conditions for fungal growth 
in animal feeds and production of aflatoxin B1 which in 
turn are responsible for high levels of AFM1 in milk. This 
is supported by the study done by Khaneghahi et al. 
(2019) from Iran who reported that milk samples obtained 
from hot humid climate areas were significantly higher in 
AFM1 content. Hot humid climates are more favorable for 
the growth of aflatoxigenic fungi (A. flavus and A. 
parasiticus) and aflatoxin production than temperate 
climate (Benkerroum, 2020). 
 
 

Conclusion  
 
In the current study, high AFM1 levels were found in both 
UHT and pasteurized milk samples collected from 
supermarkets and dairy shops in Dar es Salaam city. 
Aflatoxicosis is still one of the main public health 
concerns in Tanzania that lead to health hazard in all 
population particularly children. There is need to reduce 
AFM1 transmission in milk by controlling aflatoxin B1 
contamination in animal feed and feed ingredients by 
adopting Good Agriculture Practices (GAP) at farm level 
as well as improved storage conditions. It is important 
that farmers and other stakeholders of the dairy industry 
be educated on the potential harmful effects of AFM1 on 
human health.  
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Foodborne bacterial hazards and antibiotics resistance are a public health threat. This study aimed at 
assessing the slaughter conditions, the bacteriological quality of bovine carcasses and at determining 
the antimicrobial resistance of Escherichia coli strains isolated from bovine carcasses. A questionnaire 
was administered to 41 stakeholders on the slaughter line. Swabbed carcasses were analyzed 
according to the French standard NF ISO 17604. E. coli were plated on Tryptone Bile X Glucuronide and 
their sensitivity to 15 antibiotics was tested by the disk diffusion method. The results indicate 
deficiencies in slaughter practices, control of critical operations such as evisceration and also at the 
level of the training of stakeholders. The prevalence of contaminated carcasses was 99% with an 
average of 3.03 log10 CFU/cm

2
. Susceptibility testing showed E. coli to be resistant to tetracycline 

(32%), colistin (26%), cefepim (12%), ceftazidime (9%) and ciprofloxacin (5%). However, all E. coli strains 
were susceptible to cefotaxime, imipenem and norfloxacin. It is concluded that bovine carcasses from 
Dakar slaughterhouses represent a potential risk to public health due to the occurence of E. coli that 
are possible indicators of enteropathogenic agents. It also suggests the presence of E. coli resistant to 
critical betalactamins such as third and fourth generation cephalosporins.  
 
Key words: Antibiotic resistance, indicator bacteria, cattle, slaughter hygiene, risk factors. 

 
 
INTRODUCTION 
 
Shiga toxin-producing Escherichia coli (STEC) is a 
serious public health concern and serotype O157:H7 is 
one of the dangerous strains of E. coli that can be fatal, 
causing  severe   illness,   permanent   kidney   and  brain 

damage and even death in humans (Adingra et al., 
2011). Cattle are known to be the main reservoir of STEC 
strains and the cattle bovine carrying the strain do not 
often  show  signs of clinical disease (Naylor et al., 2005). 
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Epidemiological and analytical studies conducted on 
these pathogenic E. coli, in particular serotype O157:H7, 
have shown that human infection occurs mainly through 
consumption of contaminated food or water, direct 
contact with contaminated animal products, human 
carriers, or contaminated objects (Bruyand et al., 2018). 
Studies such as Bibbal et al. (2015) noted that the 
prevalence of potentially pathogenic E. coli varies 
between farms, and is estimated to be 4.5% in young 
dairy cattle, 2.4% in young beef cattle, 1.8% in dairy cows 
and 1% in beef cows. 

While it is true that macroscopic inspection in 
slaughterhouses remains the standard means of public 
health protection, the fact remains that this method has 
its limitation in terms of detecting carcasses carrying 
bacterial agents responsible for foodborne diseases. In 
the meat value chain, previous studies have shown that 
carcasses from fecal contaminated cattles had a higher 
contamination load than those from clean cattle (Barco et 
al., 2015). Indeed, when slaughter hygiene is poor, 
dressing and evisceration operations are regarded to be 
stages offering multiple possibilities of contamination 
(Savoye, 2011). In slaughterhouses, the presence of E. 
coli is a good indicator to assess enteric contamination 
along the slaughter process (Ghafir et al., 2008). 

Alongside the food poisoning risk posed by E. coli  in 
the beef value chain, these last years have seen the 
emergence of extended spectrum β-lactamase (ESBLs) 
producing E. coli isolates, regarded as one of the most 
serious threats for animal and human health worldwide 
(Sihem et al., 2015). In addition, resistance to the most 
widely used antibacterials for the treatment of E. coli 
urinary tract infections, fluoroquinolones (FQLs) and 
some β lactams (3rd and 4th generation cephalosporins), 
have become a public health concern (Um, 2016). Given 
the importance of beef consumption in the Dakar region, 
the monitoring of the hygiene of slaughtering processes 
through the indicator of fecal contamination (E. coli) is 
necessary for food safety. Furthermore, monitoring of 
antibacterial resistance at the human-animal interface in 
relation with the "one health" approach provides useful 
knowledge at the national level to reduce the emergence 
and transmission of antibiotic resistant bacteria. The study 
aimed at assessing the slaughter conditions to evaluate 
the bacteriological quality of bovine carcasses and to 
determine the antimicrobial resistance of E. coli strains 
isolated from these carcasses in Dakar slaughterhouses.  

The results will stand as value to the staff of the Dakar 
slaughterhouse, local research structures (EISMV, ISRA) 
Ministry of Livestock and the whole scientific community 
throughout the world. 
 
 
MATERIALS AND METHODS 
 

Survey and data collection  
 
A survey on slaughter hygiene was carried out at the main modern 
slaughterhouse   of   Dakar,   Senegal,   which   is   supplied  with  a 

 
 
 
 
preparation line consisting of suspension rails, fixed or movable 
plateforms and elevated or lowered plateforms. It has a slaughter 
capacity of about 300 cattle heads per day. For this survey, 
observations were made on the conditions and method of 
slaughter, in particular the execution of the various technological 
operations from the holding pens of the live animals until to the 
obtaining of the carcasse. Then, a questionnaire was administered 
in the form of individual interviews. The questionnaire collected 
information on slaughtering practices such as the cleaning hands 
during the slaughter process and the knowledge and perception 
towards contamination factors. The target group for this survey was 
the staff working in the slaughter line which has an impact on the 
safety of prepared animals. Thus, 41 workers were selected by a 
simple random method and with their prior consent. 
 
 
Escherichia coli sample collection 
 
To ensure the consistency of the observed parameters over time, E. 
coli sampling was taken over a 3-month period (July to September, 
2020). Samples were taken once a week, changing the collection 
day to be able to cover all days of the week. On each collection 
day, ten (10) bovine half carcasses were randomly sampled prior to 
chilling. The carcasses numbered 26th, 51st, 76th, 101st, 126th, 
151st and so on were selected. As a sampling method, the study 
resorted to the non-destructive method using swabs in accordance 
with the provisions of French Standard NF ISO 17604: 
"Microbiology of foodstuffs: taking samples from carcasses for 
microbiological analysis". Four samples were collected per carcass, 
constituting a single sample as indicated by Regulation (EC) No 
2073/2005. The sampling sites on the carcasses are those 
indicated by French Standard NF ISO 17604. Thus, four (4) 
anatomical sites (shoulder, flank, thigh and rump) were swabbed 
according to the locations indicated in Figure 1. After collecting, the 
samples were transported in a cooler boxes (between 0 and 5°C) 
and immediately analysed upon arrival at the food microbiology 
laboratory of the EISMV (Ecole Inter-Etats des Sciences et 
Médecine Vétérinaires) of Dakar/Senegal. 
 
 
Analysis  
 
The enumeration of beta-glucuronidase-positive E. coli was done 
according to ISO 16649-2: "Horizontal method for the enumeration 
of beta-glucuronidase-positive E. coli". Successive decimal dilutions 
(10-1, 10-2, and 10-3) were plated on TBX agar. After 24 hours of 
incubation, all characteristic colonies were counted and the results 
were expressed in colony forming units per cm2 (cfu/cm²) and then 
in log10 cfu/cm². Two to three characteristic E. coli colonies were 
collected per Petri dish and placed in an Eppendhorf tube 
containing 500μL of Luria Bertani (LB) broth (Invitrogen, Paisley, 
Scotland). The tubes were incubated to allow the E. coli to grow 
overnight at 37°C and transported in a cooler (between 0 and 5°C) 
to LNERV (Laboratoire National d'Elevage et Recherches 
Vétérinaires) for storage at -80°C in 20% glycerol until the time of 
antibiotic susceptibility testing. 
 
 
Antibiogram 
 
After thawing the strains stored at -80°C, they were incubated 
overnight at 37°C on regular agar to obtain fresh colonies. The 
Mueller-Hinton agar medium (MH) diffusion method was used 
according to the standards and recommendations of the antibiogram 
committee of the French Society of Veterinary Specialty 
Microbiology (CA-SFM-vet, 2019). Fifteen antibiotics (Bio-Rad) from 
six different families were individually added to the MH agar plates 
and  selected  on  the  basis  of  a survey of antimicrobials, of which  
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Figure 1. Carcass collection sites for E. coli. 

 
 
 
some are most widely used in veterinary and human medicine in 
Senegal. These include: (1) Betalactamins: Ampicillin (AMP, 10 μg), 
Cefotaxime (CTX, 30 μg), Cefoxitin (FOX, 30 μg), Cefepime (CEF, 30 μg), 
Amoxicillin+clavulanic acid (AMC, 20/10 μg), Ceftazidime (CAZ, 30 
μg), Cephalotin (CEF, 30 μg); (2) Carbapenems: Imipenem (IPM, 
10 μg); (3) Aminosides: Gentamicin (GEN, 10 μg), Kanamycin 
(KAN, 30 μg); (4) Polypeptides: Colistin (COL, 50 μg); (5) 
Tetrayclines: Tetracycline (TET, 30 μg); (6) Quinolones and 
fluoroquinolones: Nalidixic acid (NAL, 30 μg) and Norfloxacin (NOR, 
10 μg), Ciprofloxacin (CIP, 5 μg). The reading and measurement of 
the zone of inhibition diameters were done after 24 h of incubation 
at 37°C. Interpretation of the results was done according to the 
recommendations of CA-SFM-vet (2019) which classified the 
isolates as susceptible, intermediate and resistant. All intermediate 
isolates were regarded as resistant. 

In addition, the study used the double disc synergy technique to 
detect the strains producing Extended Spectrum β-lactamases 
(ESBL). Agar diffusion is not the preferred method for colistin, but 
was used for the evaluation of colistin resistance in strains (Belloc 
et al., 2008). 

 
 
Data analysis 

 
The data were entered into Microsoft office Excel (2010 for 
windows) spreadsheet software for graphing and transforming the 
data into percentages. The data was then transferred to SPSS® 
version 24 for statistical analysis. In order to compare the rates of 
contaminated carcasses according to collection days, student (t) 
test and ANOVA were used. P value <0.05 was considered 
statistically significant. 

 
 
Ethical consideration 

 
For this  study,  authorization  was  obtained  from  slaughterhouses  
managers, while consent was sought before interviewing staff on 
the slaughter line. 

RESULTS 
 

Observations on slaughter conditions  
 

Observations made on the cattle slaughter line revealed 
hygiene shortcomings in the holding pens, in particular 
due to the lack of water for cleaning of the floor after the 
passage of a herd. Cattle with diarrhea and hindquarter 
soiling were not sorted and separated. Animal 
mistreatment was observed, causing stress which 
eventually caused defecation. After bleeding by halal 
method, the evicted animals from the killing box were 
stacked on top of each other. The animals were also in 
contact during and after dressing of carcasses.  

There are no functional hygiene stations to sterilize the 
unsuitable equipment, such as the sharp-tipped knives 
used at the evisceration station, which cause perforations 
of the intestines, pre-stomach and stomach. Ligation of 
the oesophagus and rectal colon is not systematic during 
evisceration. Partial automation of slaughter line leads to 
manual handling of carcasses to the refrigerating rooms. 
The difficulties in obtaining a supply of quality water at 
almost all workstations and in the sanitary facilities add to 
the negative conditions observed. Front of these 
shortcomings, nothing is done to apply preventive 
measures or adopt an attitude that would prevent a risk 
from occurring in the food chain. 
 
 

Interview information 
 

As for the staff, a total of 41 workers were interviewed on 
the knowledge, practices and perception of the cattle 
preparation hygiene. Nearly all of them (95.83%) noted
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Figure 2. Average loads of bacterial flora (E. coli) isolated from 120 bovine carcasses 
according to the day of slaughter. 

 
 
 
the importance of awareness-raising and training 
sessions on Good Hygiene Practices (GHP), in order to 
maintain the hygiene of the preparation at an acceptable 
level. However, most of them indicated that they did not 
receive any capacity building training to reinforce their 
knowledge, particularly regarding hygiene standards and 
food-related hazards. With regard to compliance with 
GHP, all respondents stated that the lack of hygiene in 
the beef meat preparation chain can be a source of 
contamination that can have negative consequences on 
the quality of the carcasses. As for the hygiene conditions 
of the premises, 51.2% found them acceptable. With 
regard to the risk of contamination, 54.2% indicated that 
contact with the carcasses on the slaughter line was 
conducive to contamination. The same is true for the 
absence of water at the work stations, which is 
considered to lead to the contamination of carcasses. 
The presence of water and soap in the sanitary facilities 
was regarded by more than 62.5% to be very important in 
reducing the risk of cross-contamination of carcasses. 
The respondents also stated that the hygiene of the 
premises (62.5%) and the sanitary facilities (66.7%), the 
cleanliness of the hands of the staff (2.5%) and of the 
equipment (66.7%), are factors that help to reduce the 
contamination of the carcasses. During the work, if the 
hands of the handlers were soiled, 79.2% said that they 
washed their hands before continuing the work. In 
relation to the slaughtering/dressing operations, 66.7% of 
the respondents indicated that the presence of leather on 
the carcass is a source of contamination. The same was 
true for 79.2% and 41.7% of the respondents who 
respectively confirmed that the presence of stomach 
contents and feces on the carcasses are sources of 
contamination.  The   automatic  conveying  of  carcasses 
was considered by 20% of the respondents to be a less 
risky practice compared to manual conveying, that almost 
40% of the staff considered this practice to have no 
impact on the contamination of carcasses. The others 
had no opinion on the matter. Animal mistreatment was 

considered by almost 57.14% of them having no impact 
on carcass quality.  
 
 
Occurrence of E. coli in samples 
 
Bacteriological analyses were performed on a total of 120 
bovine carcasses. The prevalence of E. coli β-
glucuronidase-positive carriage on the sampled carcasses 
was 99% for an overall average contamination of 3.03 
log10 CFU/cm

2
 +/- 0.80. The analysis of the average 

bacterial loads isolated per day indicated that overall 
carcass contamination rates were low at the beginning of 
the week and climbed throughout the week. (Figure 2). 

The analysis revealed a statistically significant 
difference (P<0.05) between the contamination averages 
of Monday and the rest of the days (Tuesday, 
Wednesday, Thursday and Friday). However, there was 
no statistically significant difference (P˃0.05) between the 
Thursday and Friday averages. 
 
 
Antibiotic resistance profile 
 
All 57 isolates of E. coli were tested for their antibiotic 
resistance profiles against 15 different antimicrobial 
agents (Figure 3). All E. coli isolates were non-ESBL-
producers. Among non-ESBLs-producing strains, 9% 
(5/57) were resistant to third generation cephalosporin, in 
particular to ceftazidime but none were resistant to 
cefotaxime. The data revealed also a higher prevalence 
of E. coli strains resistant to tetracycline (32%), followed 
by colistin (26%), cefepime (12%), cefoxitin (12%), 
ampicillin, gentamicin and amoxicillin + clavulanic acid 
with a proportion of 11%, and kanamycin (9%). Low rates 
of resistance were observed with nalidixic acid (2%), 
cephalotin (4%) and ciprofloxacin (5%). In contrast all of 
them were susceptible to cefotaxime, imipenem and 
norfloxacin (Figure 3). 
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Figure 3. Variability in antibiotic resistance of E. coli strains isolated from bovine carcasses. 

 
 
 
DISCUSSION 
 

Observations on slaughter conditions  
 

The slaughtering conditions of cattle observed at the 
Dakar slaughterhouses are not adequate to prevent 
contamination of carcasses, particularly due to poor 
slaughtering practices. According to the FAO/OIE (2009) 
guidelines on food safety, there are hygiene standards to 
be complied with. Indeed, these standards cover all 
essential aspects of production such as cleanliness and 
welfare of the animals, adequate facilities for hand 
washing, cleaning and disinfection of instruments, water 
supply, control of sensitive operations (dressing/ 
evisceration) and adequate sanitary facilities. However, in 
our context the conditions do not meet the pre-
established standards to ensure the production of safe 
meat for human consumption. Similar results were also 
reported by Dieye (2011) and Yougbare (2014) in 
slaughterhouses in Dakar. Therefore, these observations 
suggest that the carcasses of slaughtered animals 
represent a risk to public health. This indicator should 
lead to the implementation of actions to improve the 
general hygiene of slaughtering conditions, in order to 
prevent and reduce the factors that contaminate cattle 
carcasses in Dakar slaughterhouses. 
 
 

Interview information 
 

The evaluation of the knowledge, attitudes, practices and 
perceptions  of  the  slaughterhouse  workers  revealed  a 
significant need for capacity building on GHP. Indeed, 
some obvious contamination situations are considered by 
some workers as having no impact on the bacteriological 
quality of carcasses. Furthermore, nothing is done by the 

workers to apply preventive measures or adopt an 
attitude that would prevent a risk from occurring in the 
food chain, as indicated in the results of observations 
section. These findings were also noted by Cadmus et al. 
(2008) who indicated that slaughterhouse workers in 
Nigeria were engaging in unhygienic practices that put 
meat consumers directly at risk. The low level of hygienic 
training may be the cause, as well as the lack of training 
in the hygiene of slaughter processes for butchers. In 
fact, there is no training plan established and executed 
according to a predefined periodicity to reinforce the level 
of knowledge of the staff, particularly with regard to 
hygiene standards and food-related hazards. These 
results are in line with those of Okoli et al. (2006), who 
found that most butchers lack professional training in 
Nigeria. In principle, staff undertaking meat hygiene 
activities should be trained or instructed so that they have 
the required knowledge and skills (FAO, 2006). Failure to 
do so can lead to serious consequences for public health. 
Hence, there is a need to implement a training plan for 
staff to change their slaughtering practices. 

 
 
Occurrence of E. coli in samples 

 
The many shortcomings observed during cattle 
slaughtering operations have consequences on the 
contamination of cattle carcasses. The present study 
showed that the carriage rate of cattle carcasses with E. 
coli was of 99%. This is significantly higher than the 10% 
reported by Phillips et al. (2001) in Australia and the 
57.92% by Ahouandjinou et al. (2016) in Benin. The 
average contamination observed (3.03 log10 CFU/cm

2
) in 

this study is also much higher than the one found by 
Dieye   (2011)   (0.13   log10   CFU/cm

2
).    This   level   of 
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contamination reflects poor hygiene practices during 
slaughtering operations. According to Ray (2001) and 
Savoye (2011), the main source of E. coli contamination 
of meat is the intestinal tract of animals. Their presence 
corresponds to a defect in the slaughter technique. 
Consequently, the E. coli isolated in this study probably 
originate from the absence of ligature of the oesophagus 
and rectal colon during evisceration, which favours the 
soiling of carcasses by feces, or by the leakage of gastric 
contents after accidental perforation of the gastric sacs 
by the operator. But E. coli strains can also come from 
meat handlers. The variability observed in the average 
bacterial loads isolated according to the day of slaughter 
has made it possible to identify two main trends: Firstly, a 
level of contamination that is lower at the beginning of the 
week and higher at the end of the week. This can be 
explained by the state of fitness of the workers, who 
resume work after the Sunday break (slaughterhouses 
operate 6 days a week), as well as the low throughput 
slaughtering at the beginning of the week. Secondly, we 
can mention the purchases which are more often made 
on weekend for most households. Despite this 
development, the end of the week is marked by the 
fatigue among workers who will have been working since 
the beginning of the week, but also by the increase in 
slaughtering at the end of the week in order to ensure the 
availability of meat on the weekend. The contamination of 
bovine carcasses on the weekend represents a 
significant human health threat, especially if the meat is 
consumed undercooked. This could lead to foodborne 
outbreaks and sporadic cases of benign diarrhea, but 
some can progress towards  severe disease such as 
hemolitic uremic syndrome (HUS). In order to protect 
public health, the consumers should sufficiently cook the 
meat from the slaughterhouses of Dakar, and two 
different teams of well-trained workers can alternate for 
slaughter operations to avoid having only one team to do 
the work the whole week. This can improve the quality of 
carcasses throughout the week, especially on Fridays.  
 
 
Antibiotic resistance profile 
 
The results of the antibiotic susceptibility testing of E. coli 
strains showed a variability among the fifteen antibiotics 
tested. The E. coli strains were resistant to tetracyclines 
(32%), colistin 26%, cefoxitin and cefepime12%, ampicillin, 
gentamicin and amoxicillin+clavulanic acid 11% and 
kanamycin 9%. These percentages are significantly lower 
than those reported by Kohansal and Ghanbari (2018) 
who obtained on a total of 52 isolates of bovine origin a 
resistance to ampicillin of 73% and tetracycline of 65%. 
The present results are not similar with those of Kohansal 
and Ghanbari (2018) because, in their study they have 
tested clinical strains from sick cows, which had probabily 
been in contact with antibiotics. The resistance to 
tetracyclines can be explained by their wide range of uses  

 
 
 
 
in treating animal diseases due to their broad spectrum of 
activity. The results are also lower than those of 
Ahouandjinou et al. (2016) who obtained ampicillin 
87.77%, cefoxitin 20.80% and amoxicillin+clavulanic acid 
66.19%. This difference in the results can be explained 
by the fact that fewer E. coli strains (57) were tested than 
in the study by Ahouandjinou et al. (2016) who used 150 
strains of E. coli. However, our results are higher than 
those of Sarr (2012) who noted very low levels of 
resistance to kanamycin (2.5%) and tetracycline (2.5%). 
This may be related to the higher number of E. coli 
strains tested compared to the study of Sarr (2012). They 
also do not agree with the results of Martel et al. (1983) in 
France who obtained very high levels of resistance 
exceeding 50% for all E. coli strains of bovine origin 
tested against ampicillin, kanamycin and tetracycline. In 
the previous study, clinical E. coli strains from cows and 
their newborn calves treated with prophylaxis were also 
tested. That is why, levels of resistance in this study are 
higher than our context. Low resistance to ceftazidime 
(9%) and sensitivity of all isolates to cefotaxime (0%) 
were noted both of which are third generation 
cephalosporins. Studies, such as the one by Sarr (2012), 
have shown that E. coli isolates sensitive to ceftazidime 
were also sensitive to cefotaxime. However, Abayneh et 
al. (2019) reported in their study that among the seven 
non-ESBL producing strains, six were resistant to 
ceftazidime and only one was resistant to cefotaxime. 
Our results seem to be closer to this second study. 
Therefore, the low resistance of E. coli strains to third 
generation cephalosporins could be explained by the high 
cost of the latter, which would limit the related  
prescriptions to veterinary settings or extensive farming 
systems. Furthermore, we did not detect ESBL producing 
strains in this study, which could be due to the small 
number of tested strains. Resistance to colistin was 
determined by the disk diffusion method. According to 
Belloc et al. (2008) this method can be used for the 
evaluation of colistin resistance. However, Wasyl et al. 
(2013) found a prevalence of 0.9% of colistin resistant 
strains by the reference method. This rate is much lower 
than the 26% observed in the present study. This may be 
due to the fact that we did not use the same method. All 
strains tested were sensitive to imipenem and 
norfloxacin. They were most active on E. coli strains. 
According to Mendes et al. (2009), the frequency of 
carbapenem resistance is low, affecting less than 2% of 
the strains isolated. Our results are similar to this 
observation. This can be explained by the fact that these 
are last-line molecules and therefore practically not used 
in human and veterinary medicine. The low rates of resistance 
observed with quinolones/fluoroquinolones show that 
despite their use in cattle farming, these molecules 
remain effective on E. coli strains. The profile of 
resistance to antibiotic observed in this study can help to 
determine the origin of the animals farming system. 

Because  of  the  low  resistance  rates,  these  animals 



 
 
 
 
probabily come from extensive farming systems, where 
antibiotic therapy is not used as in intensive farming 
systems. According to Van Boeckel et al. (2015), the 
intensive system is marked by the widespread and 
unprecedented use of antimicrobials at subtherapeutic 
doses to stimulate growth or prevent disease. This leads 
to the emergence of resistant bacteria in this system. In 
terms of human health, data indicate on the one hand a 
less alarming resistance phenomenon and on the other 
hand some significant classes of antibiotics which have 
been most active, as third generation cephalosporins, 
carbapenem and quinolones. These latter can be used in 
the case of E. coli diseases. However, their rational use 
should be ensured by veterinary and human health 
professionnals in order to combat the spreading of 
antibiotic resistance. 
 
 
Conclusion 
 
The observed conditions during the preparation of the 
cattle and their consequences on the fecal contamination 
of the carcasses particulary E. coli, seem to be a public 
health concern. This study highlights  the place of E. coli 
as fecal indicator in the processing of beef cattle at the 
main abattoir in Dakar during the warmer months. Thus, 
to reduce their impact on public health, slaughtering 
conditions should be improved by upgrading the general 
hygiene of cattle slaughter preparation. It is also important  
to identify the training needs of the staff and to define a 
training plan enabling each staff member to be trained in 
food hygiene. Furthermore, the analysis of antimicrobial 
profile concluded to a phenomenon of antibiotic 
resistance of E. coli isolated from beef carcasses. This 
finding implies that the meat prepared in Dakar 
slaughterhouses is likely to play the role of a vector in the 
dissemination of resistant bacteria to humans. It is 
necessary to break the chain of fecal contamination of 
carcasses. Then, antimicrobial surveillance plans should 
also be implemented at the primary production and 
slaughterhouse levels to better understand the risks of 
human exposure to resistant E. coli via meat of beef 
cattle. Finally, in research, it would be necessary to 
characterize the virulence genes of the isolated E. coli 
strains and to search for serogroups that are potentially 
dangerous for humans, such as: O103, O145, 308 O26 
and O111. 
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Some Candida species are considered as human opportunistic pathogens and can play an important 
role in spontaneous fermentations, but also as beverage-spoiling microorganisms. The aim of this 
pioneering study was to investigate Candida spp. in hot beverages, which is consumed mostly on the 
streets in Côte d’Ivoire. Yeast strains were isolated from 400 hot beverages of tea (200) and coffee (200) 
samples. Yeast cultures were identified at genus and species level by MALDI-TOF mass spectrometry at 
the biobank laboratory of the Pasteur Institute of Côte d’Ivoire. A total of 37 Candida isolates were 
clearly identified by MALDI-TOF (MS) and revealed 11 species of Candida: C. krusei (21.6%), C. 
tropicalis (18.9%), C. parapsilosis (16.2%), C. guilliermondii (16.2%), C. pelliculosa (8.1%), C. 
dubliniensis (5.4%), C. rugosa (2.7%), C. kefyr (2.7%), C. silvicola (2.7%), C. lusitaniae (2.7%) and C. 
orthopsilosis (2.7%). The results showed that C. krusei and C. tropicalis were the dominant yeasts in 
hot beverages from street vendors. Candida species were more isolated in tea (10%) than in coffee 
(8.5%). C. tropicalis, C. pelliculosa and C. krusei were more isolated in Cocody. C. guilliermondii and C. 
parapsilosis were more isolated in Port-Bouët. C. dubliniensis was only isolated in Yopougon town. The 
presence of Candida spp. in street hot beverages could cause a sanitary risk to consumers or be used 
as a novel source for biotechnological uses to be explored in future work. 
 

Key words: Street hot beverages, Candida spp., coffee, tea, food safety.  
 
 

INTRODUCTION 
 

Yeasts are unicellular eukaryotes microorganisms that 
belong to the Kingdom of Fungi and play various roles in 
affecting the quality and safety of food products  (Khattab 

et al., 2016). They are ubiquitous, and commonly spoilage 
fruits, vegetables and other plant materials, in addition to, 
an  association  with   soil   and  insects  (Bekatorou  et  al., 
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2006). Yeasts are the major producer of biotechnology 
products worldwide, exceeding production in capacity and 
economic incomes than other groups of industrial 
microorganisms. Yeasts have wide ranging fundamental 
and industrial importance in scientific, food, medical and 
agricultural sciences (Johnson, 2013). Traditionally, yeasts 
have been used for several fermentations such as 
alcoholic beverages, biomass production and other 
fermented food. Fermented foods and beverages play an 
important role in the diet of African people, and the most 
often, these foods and beverages are produced at 
household level or at small industrial scale and are 
consequently often of varying quality and stability 
(Mogmenga et al., 2017; Tankoano et al., 2017).  

Fruit juices and soft drinks constitute suitable 
environment for growth of most microorganisms. Actually, 
beverages are excellent substrates for supporting the 
growth of yeasts, where the highest amount of 
nitrogenous compounds and vitamins promote occurrence 
of yeasts (Khattab et al., 2016).  

The genus Candida includes around 154 species. 
Among these, six are most frequently isolated in human 
infections. While Candida albicans is the most abundant 
and significant species, Candida tropicalis, Candida 
glabrata, Candida parapsilosis, Candida krusei, and 
Candida lusitaniae are also isolated as causative agents of 
Candida infections (Aggarwal et al., 2018). Non-
Saccharomyces yeasts could be used as biocontrol agents 
against moulds and in the treatment of wastewaters 
contaminated by heavy metals (Ubeda et al., 2014). 
Hence, a comprehensive understanding, linking intrinsic 
and extrinsic factors to microbial diversity and successions 
is of outmost importance for upgrading indigenous sub-
Saharan African fermented food and beverages (Johansen 
et al. (2019). The suspicion or suggestion that beverage-
spoiling Candida species can be (opportunistic) pathogens 
is not well-documented in microbiological tests performed 
on beverages and as a consequence is not given much 
attention in the relevant literature (Hutzler et al., 2012). 

The aim of this work was to investigate Candida spp. of 
street hot beverages of tea, coffee and to perform 
phenotypic characterization of the isolated yeasts in order 
to contribute to the body of knowledge of yeasts in 
beverage food, and to add new information for a 
previously unexplored geographical area. 
 
 
MATERIALS AND METHODS 
 

Sampling procedure 
 

A total of 400 hot beverages of coffee (200) and tea (200) samples 
were collected from street vendors in Abidjan according to the 
method of Atobla et al. (2020). This study was conducted from July 
to December 2020.   

 
 
Isolation, purification and storage of yeasts 
 

According to the prescriptions of the  standards  used,  one  milliliter  

 
 
 
 
(1 mL) of beverage sample is aseptically transferred to a Petri dish. 
Enumeration of yeasts on Sabouraud Chloramphenicol agar (SCA, 
Biokar Diagnostics, France) was carried out according to the 
NF/ISO 16212: 2011 standard. All the Petri dishes were then 
incubated in an incubator at 30°C for 48 h for the enumeration of 
yeasts. Colonies were firstly selected based on colony morphology, 
aiming at selecting colonies of varying morphology, and colonies 
were randomly selected. The appearance of white to yellowish 
colonies would indicate the presence of yeasts. Colonies identified 
as yeasts by their macroscopic aspects and their microscopic 
observations in the fresh state were purified by striae on Sabouraud 
agar (SA, Biokar Diagnostics, France). One hundred and twenty-
one (121) purified isolates were obtained and stored at -20°C in 
MYPG broth supplemented with glycerol 20% (v/v). Colonies were 
identified as yeasts by their macroscopic aspects on agar medium 
and their microscopic observations in the fresh state on an optical 
microscope at magnification 40X then at 100X. 
 
 

Identification of yeasts by MALDI-TOF mass spectrometry 
 

Yeast cultures were identified at genus and species level by 
MALDI-TOF MS at the biobank laboratory of the Pasteur Institute of 
Côte d‘Ivoire. The identification of yeasts was done at the genus 
and species level based on mass of ribosomal proteins by the 
MALDI-TOF (Vitek MS BioMerieux) MS, which is a spectrometer 
using a matrix-assisted laser ionization source and a time-of-flight 
analyzer. MALDI-TOF identification was done in three steps: 
sample preparation followed by sample analysis and data 
processing (Lo et al., 2017). For samples preparation, yeasts 
isolated from street hot beverages were cultured in Sabouraud agar 
for 48 h at 30°C. Afterwards, a colony of the calibrating strain of 
Escherichia coli ATCC 8739 (positive control), was put on the 
MALDI-TOF plate with 1 µL of CHCA matrix (α-cyano-4-
hydroxycinnamic acid, BioMerieux SA, ref 411071). Then, using a 
sterile oese calibrated at 1 µL, a colony of yeast to be tested was 
collected and put on the target wells. The sample was tested in 
duplicate. On both deposits, 0.5 µL of 25% formic acid (vitek MS-
FA, BioMerieux SA, ref 411072) was added. After air drying, 1 µL of 
CHCA matrix was put on each spot and dried again. Subsequently, 
the deposition plate was introduced into the Vitek MS for sample 
analysis after transferring the data from the Prep Station, which is a 
module consisting of a computer and an optical scanner used to 
introduce the sample data and their location on the slide to the 
Vitek MS. The interpretation of the results involved two important 
parameters: the percentage confidence degree and the confidence 
level displayed by different colours. 
 
 

Data analysis 
 

The data were exported to Microsoft Excel to calculate the various 
scores. Descriptive statistics were used to summarise the variables 
of interest and determine relationships between them. The Chi-
square test was used to test the relationships between the 
variables. The difference between the variables was considered 
significant at p < 0.05. 
 
 
RESULTS 
 

Morphologies of strains and cell of yeasts 
 

Yeast strains were isolated from hot beverages of tea 
and coffee. The aspect of colonies on Sabouraud agar 
showed creamy or dry, smooth or rough colonies. 
Microscopic  morphology  of  the  fresh  isolates  revealed
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Table 1. Morphologies of strains and yeast cell of isolates. 
 

Group (%) Aspect of colonies on Sabouraud agar Microscopic morphology of yeast cell  

I (25.5%) 

 
Creamy white colonies, bright and smooth  

 
spherical and budding cell  

II (38.1%) 

 
Creamy white colonies smooth and dull surface of 
regular contour  

 
Ovoid and budding cell 

III (10.7%) 

 
Creamy white colonies, rough surface, regular 
contour  

 
Ovoid elongated and budding cell 

IV (2.5%) 

 
Dry white colonies, with a rough surface 

 
Ovoid elongated, pseudohypha 
and budding cell  

 

Group I, II, III and IV: morphotype groups of isolated yeast strains. Magnification: M x100. 
 
 
 
spherical, ovoid, elongated cells, single or connected in 
pairs or chains, and propagates by budding. Based on 
the macroscopic and microscopic characters, four 
morphotypes yeast were isolated. Creamy white colonies, 
smooth, dull surface and regular contour (group II) with a 
rate of 38.1%, which were the most prevalent, followed 
by the creamy white colonies, bright and smooth (group I) 

with the rate of 25.5% (Table 1). 
 
 
Identification of Candida species 
 
Candida species were identified by MALDI-TOF MS 
(Table  2).  A total  of  37  Candida  isolates  were  clearly  
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Table 2. Candida species identified by MALDI-TOF MS. 
 

Candida species Laboratory code Score Rate of isolation : n (%) 

C. tropicalis I7C2, IV3T1, IV7T2, IV11T3, IV12T2, IV14T2, IV14T4 99.9 7 (18.9) 

C. parapsilosis II1T4, II5T3, V5T4, V5T5, V8C2, V8T4 99.9 6 (16.2) 

C. pelliculosa IV2T1, IV2T1, IV8T4 99.9 3 (8.1) 

C. krusei I7C1, I7C5, III3T1, IV1C2, IV10C1, IV10C2, IV13T2, V1C2 99.9 8 (21.6) 

C. guilliermondii V8C4, V9C2, V11C1, V12C2, V15C1, V15C2 99.9 6 (16.2) 

C. dubliniensis III13T2, III13T3 99.9 2 (5.4) 

C. rugosa IV5C2 88.9 1 (2.7) 

C. kefyr V13T2 99.9 1 (2.7) 

C. silvicola V9C5 99.5 1 (2.7) 

C. lusitaniae IV11C1 85.8 1 (2.7) 

C. orthopsilosis V5T1 88.2 1 (2.7) 

Total   37 (100) 
 
 
 

Table 3. Presence of Candida species in hot beverages on street. 
 

Hot beverages Number Presence of Candida species in hot beverages: n (%) Prevalence of Candida species:n (%) 

Coffee 200 17 (8.5) 17 (45.9) 

Tea 200 20 (10.0) 20 (54.1) 

Total 400 37 (9.2) 37 (100) 
 
 
 

identified and showed 11 species: C. tropicalis, C. 
parapsilosis, C. pelliculosa, C. krusei, C. guilliermondii, C. 
dubliniensis, C. rugosa, C. kefyr, C. silvicola, C. lusitaniae 
and C. orthopsilosis. The major species included C. 
krusei (21.6%), C. tropicalis (18.9%), C. parapsilosis and 
C. guilliermondii (16.2 %) followed by a low proportion of 
C. pelliculosa (8.1%), C. dubliniensis (5.4%), C. rugosa 
(2.7 %), C. kefyr (2.7 %), C. silvicola, C. lusitaniae and C. 
orthopsilosis (2.7%). 
 
 

Distribution of Candida species in hot beverages 
 
From total of 400 hot beverage samples analyzed, 
Candida species were more isolated in tea than in coffee. 
The rate of the presence of Candida species in tea was 
10%, whereas in coffee it was 8.5%. The prevalence of 
Candida species in tea was 54.1% (Table 3). The Chi-
square test (Chi 2 = 0.268) showed that the presence of 
Candida species in hot beverage of coffee and tea was 
not significantly linked to the sample analyzed (p-value = 
0.605). C. krusei is mostly isolated in coffee than in tea, 
while C. tropicalis is more isolated in tea than in coffee. 
C. guilliermondii, C. rugosa, C. silvicola and C. lusitaniae 
were only isolated in coffee while C. pelliculosa, C. 
dubliniensis, C. kefyr and C. orthopsilosis were isolated 
only in tea (Figure 1). 
 
 
Distribution of Candida spp. according to the location 
 
C. tropicalis (n = 6), C. pelliculosa (n =  3)  and  C.  krusei  

(n = 4) were more isolated in Cocody. C. guilliermondii (n 
= 6) and C. parapsilosis (n = 4) were more isolated in 
Port-Bouët. C. dubliniensis was only isolated in Yopougon 
town (Figure 2). 
 
 

DISCUSSION 
 
The aspect of colonies on Sabouraud agar showed 
creamy or dry colonies, smooth or rough. Microscopic 
observation of the fresh isolates revealed spherical, 
ovoid, elongated cells. In the study of Sipiczki (2011), 
Candida citri vegetative cells are ovoid or nearly 
spherical, single or connected in pairs or chains, and 
propagated by multipolar budding. It is important to bear 
in mind that while pseudohyphae may appear physically 
more similar to hyphae, they actually share far more 
properties with yeasts and might be better described as 
elongated, attached yeast cells (Sudbery et al., 2004; 
Delma et al., 2011). In addition, these results suggest 
that in the case of Candida species, morphology may 
have evolved in a stepwise fashion from yeast to 
pseudohyphae to hyphae (Bastidas and Heitman, 2009). 
Consistent with this hypothesis, while many Candida 
species are capable of forming yeast and pseudohyphae, 
only three species, which are phylogenetically closely 
related (C. tropicalis, C. dubliniensis, and C. albicans), 
are known to form hyphae as well (Moran et al., 2002; 
Delma et al., 2011). It is therefore likely that the earliest 
Candida species also possessed a very weak ability to 
form pseudohyphae and over time evolved to undergo 
this  morphological transition more frequently in response
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Figure 1. Distribution of Candida spp. in beverages of tea and coffee. 

 
 
 

 
 

Figure 2. Distribution of Candida spp. according to the location. 

 
 
 
to a broader array of host environmental conditions and 
niches (Delma et al., 2011). Over evolution, Candida 
species are believed to have acquired the ability to form 
pseudohyphae more frequently and in response to a 
broader range of conditions in the host environment 
(Delma et al., 2011). In contrast, hypha-forming C. 
albicans, C. dubliniensis, and C. tropicalis appear to have 
an increased ability to adhere to host cells and secrete 
proteases relative to other Candida species, which lack 
the ability to form hyphae (Moran et al., 2002). The 
stressful microbial environments  in  fermented  food  and 

beverages result in a high selection pressure, which can 
lead to development of new strains better adapted to the 
fermentation process. As a consequence, species 
occurring in spontaneously fermented food and 
beverages might, over time, differentiate into populations 
of strains of the same species (Suzzi, 2011). 

Candida species were identified by MALDI-TOF in our 
study. Candida isolates were clearly identified and 
showed 11 species: C. tropicalis, C. parapsilosis, C. 
pelliculosa, C. krusei, C. guilliermondii; C. dubliniensis; C. 
rugosa,  C.  kefyr,  C.   silvicola,   C.   lusitaniae   and   C. 
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orthopsilosis. According to Bader et al. (2011), MALDI-
TOF MS analysis was able to differentiate closely related 
species when conventional biochemical methods were 
not such as species of the parapsilosis complex (C. 
parapsilosis, C. orthopsilosis and C. metapsilosis). 
Furthermore, MALDI-TOF MS can detect 95.7 – 100% of 
common Candida species like C. albicans, C. glabrata, C. 
dubliniensis, and C. tropicalis (Bader et al., 2011; Bille et 
al., 2012; Iriart et al., 2012). Accuracy is lower for 
uncommon species like C. inconspicua, C. rugosa, and 
C. norvegensis (73.6–88.9%). However, when databases 
are sufficiently extensive and regularly updated, MALDI-
TOF MS could detect these species, whereas the 
classical identification method could not (Santos et al., 
2011; Posteraro et al., 2013). For Johansen et al. (2019), 
these techniques have so far not been used for 
identification of yeasts from indigenous sub-Saharan 
African fermented food and beverages. 

Candida species were more isolated in tea (10.0%) 
than in coffee (8.5%). Atobla et al. (2021) also isolated 
more yeasts in hot beverages of tea than in coffee. It is 
well known that final product quality in industries such as 
wine-making, sausage production, cheese ripening, 
bakery, and the ―fermentations‖ of cacao and coffee 
beans is affected directly by the development of spoilage 
microorganisms (Romano et al., 2006; Viljoen, 2006). C. 
krusei (21.6%) is the most isolated yeast in hot 
beverages of coffee and tea. Likewise, in the study of 
Jesperson et al. (2005), C. krusei is also the dominant 
yeast present in chocolate production and cocoa bean 
fermentation in West African cocoa beans. Heap 
fermentation in particular is most effective with C. 
krusei (Jesperson et al., 2005).  

C. tropicalis with a rate of 18.9% was more isolated in 
tea and C. guilliermondii was only isolated in coffee in our 
study. Likewise, Johansen et al. (2019) reported that C. 
tropicalis is frequently identified in indigenous sub-
Saharan African fermented food and beverages, 
including akyeke, amasi, attiéké, bandji, fufu, fura, gari, 
gowé, kaffir, lafun, mawè, mukumbi, nunu, palm wine, 
pito, sethemi, tchapalo and teffinjera (Coulin et al., 2006; 
Oyewole, 2001; Greppi et al., 2013). For the production 
of ‗‘fufu‘‘, Oyewole (2001) reported that six different yeast 
species, Pichia saitoi, Pichia anomala, C. krusei, C. 
tropicalis, Zygosaccharomyces bailii and S. cerevisiae 
have been identified. For Johansen et al. (2019), yeasts 
are most probably occurring as a result of contamination 
during processing due to improper human handling. As 
indigenous sub-Saharan African food and beverages 
predominantly are produced by spontaneous 
fermentation, the consumers may be exposed to large 
populations of different yeast species of often unknown 
origin (Ogunremi et al., 2017). 

C. tropicalis, C. pelliculosa and C. krusei are more 
isolated in Cocody town. C. pelliculosa, C. guilliermondii, 
C. kefyr, C. silvicola and C. orthopsilosis were more 
isolated in Port-Bouët town. For Turner and Butler (2014), 
the  incidence   varies   substantially    with   geographical  

 
 
 
 
location. C. glabrata is the highest in Asia-Pacific and the 
European Union (EU); whereas the incidence of C. 
tropicalis infection in Africa and the Middle East is 
approaching three times that of the European Union; on 
the other hand, C. parapsilosisis is highest in North 
America and Latin America (Pfaller and Diekema, 2004; 
Klevay et al. 2008; Alexander et al., 2013). From a local 
kombucha in Saudi Arabia, Ramadani and Abulreesh 
(2010) isolated Candida sp. in kombucha beverages and 
identified four yeasts: C. guilliermondi, C. colleculosa, C. 
kefyr, and C. krusei. 

According to Johansen et al. (2019), the market size of 
indigenous sub-Saharan African fermented food and 
beverages are growing among others due to their ability 
to be used as convenient food by consumers. 
Additionally, fermentation is an affordable and sustainable 
way of processing that can be easily used to improve the 
quality and safety of food and beverages. Unfortunately, 
uncontrolled processing, handling and selling on streets 
may induce contamination and growth of harmful 
microorganisms. 
 
 
Conclusion 
 
To our knowledge, this is the first study to assess 
Candida species in hot beverages in Côte d‘Ivoire. The 
present study has proven that a significant number of 
Candida species are involved in hot beverages on street. 
Consequently, further research is needed to optimize 
fermentation conditions to eliminate opportunistic 
pathogenic yeasts during processing and equally 
important, improved hygienic conditions need to be 
ensured in order to prevent cross-contamination from 
human handling during food processing.  
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HIV infection is currently the single biggest epidemic globally. HIV the etiologic agent for AIDS is 
divided into two types: HIV-1 and HIV-2. HIV-2 is rare and is mainly found in some parts of West Africa. 
HIV-1 accounts for most cases of AIDS reported globally. HIV-1 strains can be classified into four 
groups: The "major" group M, group O, group N and the most recent group P. All of which may 
represent separate introductions of SIVs into humans. This cross sectional study determined the HIV-1 
subtype diversity in Busia, Western Kenya. Briefly, participants were consented into the study based on 
pre-determined inclusion criteria. Viral RNA quantification was performed to select participants with 
virologic failure for drug resistance testing. HIV drug resistance testing (DRT) was performed and 
sequences obtained were used to determine circulating HIV-1 subtypes using the REGA HIV-1 
Subtyping Tool Version 3.0. Phylogenetic analysis was performed using MEGA software V7.0 to confirm 
the circulating HIV subtypes. Out of 915 participants screened, 146 participants had virologic failure 
although 140 were successfully sequenced. Subtype A1 was the most prevalent subtype present in 
52.9% of the participants followed by subtype D (20.7%), CRF A1_D (7.1%) subtype C and subtype B 
(4.3%) and subtype A2 (3.6%). Sequences within the same subtype and CRF clustered close together on 
the phylogenetic tree. An increase in CRFs in the population compared to previous studies. Circulating 
HIV subtypes should be continually monitored in Busia to determine trends in transmission and map the 
circulating recombinant forms for epidemiological purposes. 
 

Key words: HIV-1, Busia county, subtype diversity, reverse transcriptase. 
 
 

INTRODUCTION 
 

The human immunodeficiency virus (HIV), can be divided 
into two types: HIV type 1 (HIV-1) and HIV type 2 [HIV-2] 
(Butler et al., 2006;  Faria et al., 2014; Seitz, 2016; Sharp 

and Hahn, 2011; Weidle et al., 2000). The origin of HIV-1 
among non-human primates has been traced to the 
simian  immunodeficiency  viruses  (SIVs), which infected  
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several geographically isolated chimpanzee communities 
in southern Cameroon and it has been postulated that 
both HIV types are as a result of multiple cross-species 
transmissions with SIVs (Faria et al., 2014; Sharp and 
Hahn, 2011; Taylor et al., 2008). HIV-1 accounts for most 
cases of HIV infections globally (Faria et al., 2014; Taylor 
et al., 2008). The strains of HIV-1 can be classified into 
four groups based on the genotypic variation in 
the env region: the "major" group M, the "outlier" group O, 
and the "new" group N and the most recent group P 
(Abongwa et al., 2019; Buonaguro et al., 2007; Faria et 
al., 2014; Ragupathy et al., 2011; Santoro and Perno, 
2013; Tebit et al., 2016). 

These four groups may represent the four separate 
introductions of SIVs into humans (Faria et al., 2019; 
Taylor et al., 2008). Within group M, there are known to 
be at least nine genetically distinct subtypes (or clades) 
of HIV-1 namely subtypes  A, B, C, D, F-H, J, K (D’Arc et 
al., 2015; Faria et al., 2014; Taylor et al., 2008). The 
global HIV pandemic has been dominated by group M 
viruses since its discovery with the other groups N, O and 
P being poorly disseminated (Bbosa et al., 2019). 
Occasionally, two or more viruses of different subtypes 
can meet in the cell of an infected person and combine 
their genetic material to create a new hybrid virus (a 
process similar to sexual reproduction, and sometimes 
called "viral sex"), resulting in inter-subtype recombinants 
(Recordon-Pinson et al., 2018; Reis et al., 2019; Tongo 
et al., 2016). When the recombinants are transmitted and 
spread within a population, they are recognized as 
circulating strains in the HIV epidemic and are classified 
as circulating recombinant forms (CRFs) while unique 
recombinant forms (URFs), on the other hand, have been 
sampled only once from a single multiply-infected 
individual (Reis et al., 2019; Tongo et al., 2016). It is 
worth noting that in East Africa, where HIV-1 subtypes A, 
D and C are predominant, several AD and AC 
recombinants have been described (Giovanetti et al., 
2020). 

The HIV-1 subtype present in an individual has been 
shown to play a major role in the development of 
resistance towards antiretroviral therapy [ART] (Conroy et 
al., 2010; Kiwanuka et al., 2009; Santoro and Perno, 
2013), viral transmission rates (Kiwanuka et al., 2009; 
Santoro and Perno, 2013) as well as progression to 
disease with subtype D showing faster progression to 
disease and higher mortality rates than subtype A1 
(Baeten et al., 2007; Conroy et al., 2010; Santoro and 
Perno, 2013; Ssemwanga et al., 2013). The fast-
increasing emergence of HIV recombinant forms has 
been shown to greatly impact accurate diagnosis, 
phylogenetic reconstruction, antiretroviral treatment and 
vaccine development. Several studies have 
demonstrated significant differences in the acquisition of 
HIV drug resistance, the majority noting that subtype D 
and C are more vulnerable to the development of drug 
resistance than subtype A (Santoro and Perno, 2013; 
Wallis et al., 2017). This  study  sought  to  determine  the 
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circulating HIV subtypes in Busia County, Kenya. 
 
 
METHODOLOGY 
 
Study site  
 
The study was conducted at the Busia County Referral Hospital, 
Busia County, Kenya. All participants were on first-generation 
nucleoside reverse transcriptase inhibitor (NRTI) and non-
nucleoside reverse transcriptase inhibitor (NNRTI) anti-HIV 
regimens at the hospital’s HIV comprehensive care center (CCC) 
which provides services to over 20,000 HIV infected patients. All 
the patients were on ART under the Kenyan guidelines for 12 
months or more at the time of the study. 
 
  

Study participants 
 

The study participants were HIV-1 positive adult patients (aged 
between 21 and 67 years). All participants were receiving a 
standard triple first-line ART regimen from Busia County Referral 
Hospital’s CCC for 12 months or more. Participants who had 
attended the clinic at least once within the previous 6 months were 
included in this cross-sectional single visit study. All participants 
gave voluntary informed consent to participate in the study. Study 
participants who demonstrated virologic failure as per the Kenyan 
guidelines with viral loads of >1,000 copies/mL had drug resistance 
testing performed. 
 
 

Ethical considerations 
 

This study was approved by the Kenya Medical Research 
Institute/National Scientific and Ethical Review Committees. Written 
informed consent was obtained from each participant before 
conducting any study procedure. The study was conducted 
according to good clinical laboratory practices. 

 
 
Laboratory testing 
 

HIV-1 RNA viral load testing  
 

Plasma samples for HIV-1 viral RNA and drug resistance testing 
stored at -70°C were retrieved and thawed at room temperature. A 
total of 925 patients qualified for viral load testing based on the 
above inclusion criteria. Viral load testing was performed using 
Abbott M2000SP/RT (Abbott Molecular, Inc., Des Plaines, IL, USA) 
viral load testing assay, whose lower detection limit was 40 
copies/mL. 

 
 
HIV-1 drug resistance testing 

 
Reverse transcription (RT) polymerase chain reaction (PCR), 
nested PCR and genotyping was performed for all participants 
having a viral load of >1,000 copies/mL (n=146). Briefly, blood was 
collected from these participants, and viral ribonucleic acid (RNA) 
extracted from blood plasma using Qiagen RNA MiniAmp kit 
(Qiagen, Valencia, CA, USA). Reverse transcription of the extracted 
RNA was performed to obtain complimentary deoxyribonucleic acid 
(cDNA) followed by nested polymerase chain reactions to produce 
millions of copies of the cDNA for sequencing. Successful 
amplification was confirmed by gel electrophoresis. 

HIV-1 genotyping assay, which sequences the HIV-1 pol 
gene(base pairs covering PR region: codons 4 – 99 and RT region: 
codons  38 – 247),  was  performed  on   the   amplicons   using  an
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Table 1. Participant demographic characteristics. 
 

REGA subtype 
Mean viral load 

(copies/ml) 
Mean age (Years) Mean CD4 

Total number of 
participants 

Number with 
DRAMs 

A1 97,285 38.7 159 74 43 

D 97,625 39 161 29 22 

CRF A1_D 93,356 38.5 164 10 4 

C 11,959 40.3 342 6 0 

B 184,544 38 125 6 6 

A2 30,057 33.25 182 4 2 

CRF A1_C 27,549 38.5 171 4 4 

G 324,401 43.5 119 2 2 

CRF A1_J 65,636 29 198 2 2 

CRF B_C 54,456 43 282 1 1 

CRF A1_F1 67,186 29 245 1 1 

CRF A2_H 186,098 32 118 1 1 
 
 
 

automated ABI 310 sequencer (Applied Biosystems, Foster City, 
CA, USA). Sequence quality control was performed using the Los 
Alamos HIV-1 sequence quality assurance tool 
on https://www.hiv.lanl.gov/content/sequence/QC/index.html?sampl
e_input=1. HIV-1 subtyping was performed using the automated 
REGA HIV-1 Subtyping Tool Version 3.0 available 
on http://dbpartners.stanford.edu:8080/RegaSubtyping/stanford-
hiv/typingtool/. The FASTA formatted sequences were copied and 
pasted into the REGA HIV-1 Subtyping Tool Version 3.0 and 
submitted for subtype analysis. The subtypes obtained and their 
proportions were downloaded in excel format. Similarly, the 
sequences were pasted onto the Stanford University HIVdb 
program version 8.8 on  https://hivdb.stanford.edu/hivdb/by-
sequences/ to obtain subtypes for comparative study. The HIV-1 
subtypes obtained from the Stanford University HIVdb were 
transcribed onto the excel spreadsheet pending analysis. HIV-1 
resistance-associated mutations and phenotypic drug resistance 
profiles were obtained from the Stanford University HIV database 
available on https://hivdb.stanford.edu/hivdb/by-sequences/. 
Phylogenetic analysis was performed using the Molecular 
Evolutionary Genetics Analysis (MEGA) software version 7.0 at 
1,000 bootstrap replications and the Jukes-Cantor model. Once the 
computation was complete, the Tree Explorer displayed two tree 
tabs: the original Maximum Likelihood tree and the Bootstrap 
consensus tree. The results were exported and saved as a .mas file 
for further review and analysis. 
 
 

Statistical analysis 
 
Descriptive statistics (median, interquartile range [IQRs], mean, and 
percentages) were used to summarize the demographic and clinical 
characteristics of the study participants in this study. The 
proportions of the different subtypes were analyzed by Pearson’s 
Chi-squared test. Comparisons between different ages and gender 
were carried out using the Wilcoxon signed-rank test. Pearson’s 
correlation coefficients were calculated. A p-value of less than 0.05 
was considered statistically significant. 

 
 

RESULTS 
 
A total of 140 participants were successfully sequenced 
hence  their   subtypes  determined (GenBank  accession 

numbers MW618176-MW618315). The age range was 
21 to 67 years, with a mean age of 38.96 and a median 
age of 38 (CI=95%, IQR=14). Seventy-eight (55.7%) of 
the participants were females with 44.3% being males. 
The participants were either on EFV or NVP based 
regimens with 112 (80%) and 28 (20%) being on EFV 
and NVP based regimens, respectively. The majority of 
the participants (72%) were on the TDF+3TC+EFV 
combination regimen. 

A look at the circulating HIV-1 subtypes from the REGA 
HIV subtyping tool revealed that subtypes A1, A2, B, C, 
D, G and circulating recombinant forms (CRFs) A1_D, 
A1_C, C_B, A2_H, and A1_F1 were present in the study 
population. Subtype A1 was the most prevalent subtype 
in the population, present in 74 (52.9%) of the 
participants. Subtype D was present in 29 (20.7%), CRF 
A1_D was present in 10 (7.1%) of the population, 
subtype C and subtype B were both present in 6 (4.3%), 
of the population while subtype A2 was present in 5 
(3.6%) of the population. CRF A1_C was present in 4 
(2.9%) of the study population. Subtype G was present in 
2 (1.4%), whereas CRF B_C, CRF A1_F1, and CRF 
A1_J were all present in 1 (0.7%) of the population (Table 
1). CRFs accounted for 13.6% of the circulating HIV-1 
subtypes with a majority of these CRFs (~79%) 
containing subtype A1. CRF A1_D was the most 
prevalent CRF within the study population. There were 
significant differences in the availability of the different 
subtypes and CRFs within the study population 
(p=<0.0001). 

Although discordance was reported between subtypes 
obtained from COMET, REGA, Los Alamos National 
Library (lanl), and the Stanford University HIVdb subtyping 
software, the differences were not statistically significant 
(p=0.9241). There were subtype discordances between 
the REGA subtyping tool, Los Alamos National Library 
(lanl) and the Stanford University HIVdb subtyping software 
in reporting all other subtypes except subtypes G, C and D. 
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Table 2. Distribution of the HIV-1 subtypes circulating in the population generated from REGA, Los Alamos 
National Library (lanl) and the Stanford University HIVdb subtyping software. 
 

Subtype assignment REGA numbers (%) LANL numbers (%) Stanford numbers (%) 

HIV-1 Subtype A1 74 (52.9) 86 (61.4) 86 (61.4) 

HIV-1 Subtype D 29 (20.7) 29 (20.7) 25 (17.9) 

CRF  A1_D 10 (7.1) 0/1/00 0 

HIV-1 Subtype C 6 (4.3) 7 (5) 7 (5) 

HIV-1 Subtype B 6 (4.3) 12 (8.6) 14 (10) 

HIV-1 Subtype A2 4 (2.9) 0/1/00 4 (2.9) 

CRF  C_A1 4 (2.9) 0/1/00 0 

HIV-1 Subtype G 2 (1.4) 2 (1.4) 2 (1.4) 

CRF  A1_J 2 (1.4) 0/1/00 0 

CRF  C_B 1 (0.7) 0/1/00 0 

CRF A1_F1 1 (0.7) 0/1/00 0 

CRF A2_H 1 (0.7) 0/1/00 0 

HIV-1 Subtype A6 0 1 (0.7) 0 

CRF A1BC 0 1 (0.7) 0 

CRF  A1_B 0 1 (0.7) 0 

CRF 01_AE 0 1 (0.7) 0 

CRF10_CD 0 0/1/00 2 (1.4) 

Total 140 (100) 140 (100) 140 (100) 

 
 
 

REGA subtyping tool reported the highest number of 
CRFs (25), COMET reported 19 CRFs while lanl and 
Stanford University HIVdb reported 3 and 2 CRFs, 
respectively. There were however no significant 
differences in the number of CRFs generated by the 
different subtyping tools (p=0.3143). Interestingly, both 
lanl and the Stanford University HIVdb subtyping 
software did not report any CRF A1_D, the most 
prevalent CRF in the study population (Table 2). Only the 
lanl subtyping reported CRF A1_B_C, CRF A1_B, and 
CRF 01_AE.  

It was further noted that of the 53 patients who did not 
possess any DRAMs hence no resistance to any of the 
available medications, 32 (60.4%) were subtype A1, 7 
(13.2%) were subtype D, 6 were CRF A1_D, 6 (11.3%) 
were subtype C, while 3 (5.7%) were subtype A2. Of the 
87 participants with at least one DRAM, 42 (48.3%) were 
subtype A1, 21 (39.6%) were subtype D, 20 (23%) were 
CRFs, 5 (5.7%) were subtype A2, 5 (5.7%) were subtype 
C while 4 (4.6%) were subtype A2. It is important to note 
that whereas none of the subtype C sequences had any 
DRAMs, all subtype B sequences had DRAMs conferring 
resistance (Figure 1). Interestingly, the 6 participants with 
E138 series mutations (mutations previously associated 
with ETR and RPV resistance only in subtype B) were all 
subtype A1. There were 13 sequences with K65R 
mutations (mutations selected by TDF, ABC, d4T, ddI, 
and rarely 3TC), of which 10 were subtype A1 while 3 
were subtype D. All the 37 sequences had at least one 
thymidine analog mutations (TAM), 23 (62.2%) were 
subtype A1 or subtype A1 containing CRFs, 9 (24.3%) 
were subtype D or subtype  `D containing  CRFs  while  4 

(10.8%) were subtype B. For this study, there was no 
significant difference between the subtypes in relation to 
the acquisition of DRAMs (p = 0.2766). Seven 
participants had PI DRAMs, 5 of which were subtype A1 
while the other 2 were subtype B. Of the 82 participants 
with NRTI DRAMs, 53 (64.6%) were subtype A1 or A1 
containing CRFs, 23 were subtype D or D containing 
subtypes, 6 were subtype B while 2 were A2 and G, 
respectively. NNRTI DRAMs, present in 82 participants, 
53 (64.6%) were subtype A1 or A1 containing CRFs, 25 
(30.4%) were subtype D, 4 were subtype B, 2 were 
subtype A2 while 2 were subtype G.  

While comparing the prevalence of different subtypes, 
female participants had significantly higher probabilities 
of having subtypes A1, D and A1_D, G and A2 
(p=0.0211) while male participants had a higher 
prevalence of subtypes B and C (Table 3). Interestingly, 
18 (94.7%) of the 19 participants with CRFs were 
females; hence, only 1 (5.3%) had CRFs. 
 
 
DISCUSSION 
 
From this study, we confirmed the complexity of the HIV-
1 subtypes circulating in the population with subtype A1 
being the most predominant (52.9%). Many other studies 
have also supported the predominance of HIV subtype 
A1 in most of the Kenyan HIV-positive populations. 
Gounder et al. (2017), in a study evaluating the complex 
subtype diversity of HIV-1 among drug users in major 
Kenyan cities also reported subtype A1 to be the 
predominant subtype (44.4%); a slightly lower prevalence  
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Table 3. Distribution of subtypes among male and female participants 
within the study population. 
 

REGA subtype Female Male Grand Total 

A1 51 23 74 

D 17 12 29 

A1_D 9 1 10 

B 4 2 6 

C 2 4 6 

A1_C 4 0 4 

A2 3 1 4 

A1_J 2 0 2 

G 2 0 2 

A1_F1 1 0 1 

A2_H 1 0 1 

B_C 1 0 1 

Grand Total 97 43 140 
 

There were statistically significant differences in the distribution of different 
subtypes between males and females (p=0.0012) with females having a 
high prevalence of each of the subtypes except B and C. 

 
 
 

 
 

Figure 1. Distribution of different DRAMs among subtypes within the study population. 

 
 
 
than that obtained from our current study (52.9%). 
According to the results of this study, subtype D was the 
second most predominant subtype in the population 
(20.7%), thereby differing with the findings by Gounder et 
al. (2017), who reported subtype C as the second most 
predominant subtype among drug users in Kenya, but 
agreeing with results from studies by Khoja et al. (2008), 
Lihana et al. (2009) and Kantor et al. (2014). 

A study by Oyaro et al. (2018), on adults on ART in 
Western Kenya reported comparable  HIV-1  subtype  A1 

prevalence to this study (51.4% vs 52.8% for our study) 
but reported lower subtype D prevalence (9.4% vs 20.7% 
for this study). On the other hand, Adungo et al. (2014), 
reported an HIV-1 subtype A1 prevalence similar to our 
reported figures (53.3% vs 52.9% for our study) but 
reported a slightly higher prevalence of subtype D (28% 
vs 22.7% for this study) and a comparatively lower 
prevalence of HIV-1 subtype A1_D (1.3% vs 7.1% for our 
study). This study further confirms the predominance of 
HIV-1 subtype  A1  in  Western Kenya, with an increasing  



 
 
 
 
HIV-1 subtype D and CRF A1_D within the population. It 
was postulated that the lower subtype D proportions in 
our study were compensated by comparatively higher 
A1_D CRFs compared to the study by Adungo et al. 
(2014). Secondly, our higher sample size (140 compared 
to 75 in Adungo’s study), could have been more 
representative of the population. 

Lel et al. (2014), while looking at transmitted HIV-1 
subtypes in children from Busia, reported a higher 
prevalence of HV-1 subtype A1 (69.8%) compared to 
52.9% prevalence in this study. They also reported a 
higher prevalence of HIV-1 subtype D (22.6%) compared 
to the 20.7% prevalence reported in this study. They did 
not report any CRF A1_D. Important to note is the fact 
that the study looked at transmitted HIV-1 subtypes in 
infants whereas the current study looked at HIV-1 
subtypes in adults hence the glaring differences in the 
circulating subtypes. The differences in subtype 
prevalence between the two studies could have resulted 
from participant age differences. 

The HIV-1 subtype present in an individual has been 
shown to play a major role in the development of 
resistance towards ART (Chaplin et al., 2011; Santoro 
and Perno, 2013; Wainberg et al., 2011), viral 
transmission rates (Conroy et al., 2010; Kiwanuka et al., 
2009; Santoro and Perno, 2013; Shaw and Hunter, 2012) 
as well as progression to disease with subtype D showing 
faster progression to disease and higher mortality rates 
than subtype A1 (Baeten et al., 2007; Conroy et al., 2010; 
Santoro and Perno, 2013; Ssemwanga et al., 2013). 
Several studies have demonstrated that subtypes D and 
C are more vulnerable to the development of drug 
resistance than subtype A (Clutter et al., 2016; Lessells 
et al., 2012; Santoro and Perno, 2013). These findings 
were partly supported by the current study where 75.9% 
of subtype D sequences had DRAMs compared to 53.4% 
subtype A1 sequences. None of the subtype C 
sequences in this study possessed any DRAMs, 
contradicting findings by Santoro and Perno (2013) who 
recorded higher resistance in subtype C than any other 
subtype. 

Studies highlighting the differences in HIV-1 subtype 
diversity between males and females are scanty. One 
study contacted in Kenya showed marked differences in 
the diversity of transmitted virus between male and 
female participants where women from Kenya were found 
to be infected with multiple HIV-1 variants whereas their 
male counterparts were not (Long et al., 2000). The 
differences in the diversity of the transmitted virus could 
explain the emerging differences in subtype diversity 
between male and female participants in this study. 

World Health Organization (2012), reported higher 
rates of mother-to-child transmission of HIV-1 in mothers 
having subtypes C and D than in those with subtype A 
and CRFs. HIV-1 subtype D has also been reported to 
progress faster to disease and have lower transmissibility 
than subtype A (Conroy et al., 2010;  Ssemwanga  et  al.,  
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2013). Subtype A has been shown to have higher viral 
transmission rates than subtype D (Kiwanuka et al., 
2009). These findings imply that the high prevalence of 
subtype A1, D, and CRF A1_D, as confirmed in this 
current study, may pose a challenge to HIV-1 treatment 
and prevention strategies including PMTCT.  

The present study demonstrated a higher prevalence of 
subtype D (20.7%) and CRF A1_D (7.1%) compared to 
most other studies in Kenya (Gounder et al., 2017; 
Kantor et al., 2014; Khoja et al., 2008; Koigi et al., 2014). 
HIV-1 subtype D has been reported to be more prevalent 
in Uganda (Collinson-Streng et al., 2009; Conroy et al., 
2010; Kapaata et al., 2013). A higher prevalence of 
subtype D and its associated CRFs in the border town of 
Busia could therefore be indicative of cross-border 
infections from Uganda. 

Circulating HIV subtypes in Busia county are highly 
diverse with reported increased subtype D and its 
recombinants. There is also an increased prevalence of 
HIV-1 CRFs within the population, the majority of which 
are found in females which could be indicative of higher 
rates of multiple infections in women than men within the 
study population. Continuous monitoring of the circulating 
HIV-1 subtypes and CRFs, therefore, is key to formulating 
strategies aimed at reducing the prevalence of HIV-1 
within the population, reducing transmission rates, 
monitoring and controlling HIV-1 drug resistance testing 
as well as taming morbidity and mortality associated with 
HIV infection for the realization of WHO’s 90:90:90 HIV 
treatment targets by the year 2030 and beyond. 
 
 
Limitations of the study 
 
The small sample size and the cross-sectional nature of 
the study to track virologic failure in the treated HIV 
patients and inclusion of infected individuals at different 
times and stages of HIV infection may not be 
representative of the epidemic drive in the region. As 
such the data should therefore be interpreted with 
caution. Additionally, recombination patterns in a 
heterogeneous epidemic are complex and will require 
another generation of genome data level to fully 
understand the changing dynamics of viral genotypes in 
this region of Kenya. 
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