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Abstract
Background

The COVID-19 pandemic remains to have a global impact despite the great efforts in
prevention. Controversy persists regarding the outcomes of SARS-CoV-2 among HIV patients versus non-
HIV individuals.

Objective

This study aimed to assess the impact of COVID-19 among adult patients with HIV versus non-HIV in the
chief isolation centre in Khartoum state, Sudan.

Methods

This is an analytical cross-sectional, comparative single-centre study conducted at the Chief Sudanese
Coronavirus Isolation Centre in Khartoum from March 2020 to July 2022. Data were analysed using SPSS
V.26 (IBM Corp., Armonk, USA).

Results

This study included 99 participants. The overall age mean was 501 years old, with a male predominance of
66.7% (n=66). 9.1% (n=9) of the participants were HIV cases, 33.3% of whom were newly diagnosed. The
majority, 77.8%, reported poor adherence to anti-retroviral therapy. The most common complications
included acute respiratory failure (ARF) and multiple organ failure, 20.2% and 17.2%, respectively. The
overall complications were higher among HIV cases than non-HIV cases; however, statistically insignificant
(p>0.05 ), except for acute respiratory failure (p<0.05). 48.5% of participants were admitted to the intensive
care unit (ICU), with slightly higher rates among HIV cases; however, this was statistically insignificant
(p=0.656). Regarding the outcome, 36.4% (n=36) recovered and were discharged. Although a higher mortality
rate was reported among HIV cases compared to non-HIV cases (55% vs 40%), it was statistically
insignificant (p=0.238).

Conclusion

The mortality and morbidity percent proportion among HIV patients with superimposed COVID-19
infection was higher than in non-HIV patients but statistically insignificant aside from ARF. Consequently,
this category of patients, to a large extent, should not be considered highly susceptible to adverse outcomes
when infected with COVID-19; however, ARF should be closely monitored for.
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Introduction

The coronavirus disease (COVID-19) is caused by a novel coronavirus, Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), affecting mainly the respiratory system; however, it has several implications
[1]. It has the worrisome characteristics of rapidly spreading among communities, causing a severe disease
pattern, particularly among the elderly and those with underlying comorbidities [2]. Respiratory droplets are
the main human-to-human transmission route, whether through coughing or sneezing [2]. Transmission
from contaminated surfaces is well established [3]. SARS-CoV-2 has an average incubation period of 5-6
days, extending to two weeks, with infected individuals being asymptomatic for several days [2,3]. COVID-19
clinical manifestations are not specific, extending from asymptomatic to severe symptoms such as flu-like
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symptoms only to Acute Respiratory Distress Syndrome (ARDS) and multiple organ failure causing fatality
[4]. Common symptoms include anosmia, sore throat, dry or wet cough, fever, myalgia, and dyspnea [2, 4].

COVID-19 has impacted universal health systems, financial systems, and communities and has caused
substantial morbidity and mortality rates worldwide [4]. Globally, 472,816,657 COVID-19 cases were
confirmed as on the 23rd of March 2022, including 6,099,380 deaths reported to WHO. As of the 17th of
March 2022, 10,925,055,390 vaccine doses have been administered [5]. 13th of March 2020 marked the first
positive COVID-19 case reported in Sudan; however, figures reached 61,862 positive cases reported to the
WHO by the 24th of March 2022, including 4,900 deaths. As of the 6th of March 2022, 6,131,070 vaccine
doses have been administered in Sudan [6]. The global case fatality rate was 6.7% [7]. Patients with obesity,
diabetes, and hypertension were more likely to die, be admitted to ICUs, and have a more severe form of
infection. Nevertheless, there are conflicting reports concerning the co-infection of Human
Immunodeficiency Virus (HIV) patients with COVID-19 [8].

Sub-Saharan Africa exhibits the utmost burden of HIV and patients not receiving anti-retroviral therapy
(ART) [9]. Currently, 40 million individuals coexist with HIV globally, of which 26 million dwell in Africa,
with a substantial percentage not receiving ART, compared to elsewhere worldwide [10]. HIV results in
immunosuppression by depleting CD4+ cells, reducing the capacity of the immune cells to defend against
various pathogenic infections such as COVID-19 [11]. The risk of developing a rather severe pattern of
infections, in general, is higher when immunosuppressed and even more remarkable when not receiving
ART [12]. The impact of the COVID-19 pandemic on a rather significant number of individuals with HIV
globally is very challenging for health systems worldwide, as more aggressive preventive and therapeutic
measures might be required for this population [12, 13]. Therefore, several studies explored the implications,
hospitalisation risk, and outcomes attributed to HIV in patients with COVID-19 co-infection; however,
results were primarily conflicting [14-18]. Therefore, our study aimed to explore the implications of COVID-
19 among HIV patients in contrast to non-HIV patients admitted to the primary isolation centre in
Khartoum state, Sudan, over two years to reach concise outcomes based on which guidelines on managing
HIV/COVID-19 co-infections can be implemented.

Materials And Methods

This is a hospital-based comparative study conducted in Khartoum state, Sudan, in 2020-2022 to assess the
impact of COVID-19 among adult patients with HIV versus non-HIV at the primary isolation centre (Jabra
Hospital) in Khartoum state, Sudan. The study was approved by the Institutional Review Committee (IRC) at
Jabra Hospital. Data were collected by reviewing all cases admitted in this centre from March 2020 to July
2022 by trained registrars. Detailed demographic characteristics, clinical characteristics, aetiology, HIV
infection characteristics, and COVID-19 outcome assessment were obtained after informant

consent. Diagnosis of HIV was confirmed by enzyme-linked immunosorbent assay (ELISA), and COVID-19
infection by nasopharyngeal swab reverse transcription polymerase chain reaction (RT-PCR). Data were
entered into a computer database. SPSS version 26 was used for analysis.

Primary isolation centre

Jabra Hospital was the primary/first isolation centre in Khartoum State, Sudan, with a capacity of almost 90
beds. In addition to COVID-19 patients, all HIV cases with COVID-19 co-infection were transferred from all
other isolation centres in Khartoum state to Jabra Hospital.

Study population and selection

The study population included all adult patients (> 18 years old) with COVID-19 admitted to Jabra Hospital
for isolation. All HIV patients (Exposed group) that fulfilled the inclusion criteria were enrolled. Non-HIV
patients fulfilling the inclusion criteria (Unexposed-control group) were randomly selected (in a ratio of
1:10).

Inclusion Criteria: 1. All patients who were admitted for isolation during the study period; 2. Patients with
complete medical records (severity status, complication developed, etc.); and 3. Patients who completed
their isolation period.

Exclusion Criteria: 1. Refusal to participate; and 2. Patients with incomplete record charts.
Other specific variables classifications include the following:

1. COVID-19 severity was classified into Mild, Moderate, and Severe based on WHO Criteria [19]:

Mild: Symptomatic adult patients meeting the case definition for COVID-19 without evidence of viral
pneumonia or hypoxia; Moderate: Adult patients with clinical signs of pneumonia (fever, cough, dyspnoea,
fast breathing) but no signs of severe pneumonia,

including SpO2 > 90% on room air; Severe: Adult patients with clinical signs of pneumonia (fever, cough,
dyspnoea, fast breathing) plus one of the following: respiratory rate >30 breaths/min; severe respiratory
distress; or SpO2 < 90% on room air with clinical signs of pneumonia (fever, cough, dyspnoea, fast
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Gender
Male
Female

Total

breathing) plus one of the following: respiratory rate >30 breaths/min; severe respiratory distress; or SpO2 <
90% on room air.

2. Socio-economic status was classified into Low, Middle, and High based on Modified BG Prasad Socio-
economic Classification [20]. This scale is based on the per-capita monthly income (per-capita monthly
income = total monthly family income/total family members) and therefore, applies to individuals.

3. Poor adherence to ART was defined as adherence of <90% of the prescribed dose [21].

Results

This study included 99 COVID-19 patients admitted to the Jabra Hospital for isolation in Khartoum state,
Sudan, during the study period. The overall age mean was 50+1 years, with nearly half, 47 (47.5%), being
older than sixty years in age (Figure /), with male gender dominance of 66 (66.7%) and a ratio of 2:1

(Table ). In addition, 71 (71.7%) were from urban residential areas (Figure 2), and the majority, 85 (85.9%),
were of low socioeconomic class (Table 2). Among both study groups, statistical significance testing (via
Fischer Exact test) on variables: Age, Gender, and Residence were found to be insignificant (p-value > 0.05).
Nevertheless, the p-value was <0.05 among patients with low socioeconomic status and the HIV-positive
case group.

47
50 (47.5%)
45 31
40 .

>3 3 (31.3%)

£ = 30 21

53 25 (21.2%)

g‘ = 20

e 8 15
10
5
0

18 - 39 years 40 - 59 years =60 years

FIGURE 1: Age distribution among participants

Frequency Percent (%)
66 66.7

33 33.3

99 100

TABLE 1: Gender distribution among participants
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Socioeconomic class
Low

Middle

High

Total

Urban
71
71.7%

Rural
28
28.3%

FIGURE 2: Residence distribution among the study population

Frequency Percent (%)
85 85.9

11 1.1

3 3.0

99 100

TABLE 2: Socioeconomic status of the study population

The most commonly reported comorbidities were Hypertension 32 (32.3%), Diabetes 12 (12.1%), and
Multiple Comorbidities 32 (32.3%); however, no statistically significant difference was identified between
both study groups (Table 5). More than half of the participants had a moderate infection; 54 (54.5%) and 45
(45.5%) had a severe infection. In this study, nine (9.1%) participants were known HIV cases, of which four
(44.4%) were diagnosed from more than 5 years. Moreover, three (33.3%) of them were newly diagnosed.
Nevertheless, seven (77.8%) reported poor adherence to anti-retroviral therapy (Figure 53).

HIV Status

Comorbidities™ Positive Negative Total

Freq. % Freq. % Freq. %
Multiple** 2 22.2% 30 33% 32 32.3%
Hypertension 0 0% 1 12.2% 11 11.1%
Diabetes Mellitus 11.1 % 11 12.2% 12 12.1%
Others” 2 22.2% 11 12.2% 13 13.1%
None 4 44% 27 30% 31 31.3%
Total 9 100% 90 100% 99 100%

TABLE 3: Comorbidities among participants

*The overall Fischer exact test p-value = 0.67; **Multiple Comorbidities included patients with more than one underlying illness; *Included: hepatitis,
asthma, cancers, heart diseases, epilepsy, tuberculosis, renal failure, sickle cell anemia, and stroke
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Poor

77.8%

o

FIGURE 3: Adherence to HIV therapy among the study participants

In regards to the outcome, 36 (36.4%) recovered and were discharged in good condition, 22 (22.2%)
developed complications, and the mortality rate was 41 (41.8%). Our study showed that the most common
complications included acute respiratory failure 20 (20.2%), sepsis, septic shock and multiple organ failure
17 (17.2%), coagulopathy, such as Disseminated Intravascular Coagulopathy (DIC) and Venous Thrombo
Embolism (VTE) 15 (15.2%), and cardiovascular complications 11 (11.1%). Nearly half of the participants, 48
(48.5%), were admitted to the intensive care unit. Of those enrolled, 50 (50.5%) were admitted to the
isolation centre for less than one week.

Further cross-tabulations were performed to assess the hypothesis associating HIV infection, coronavirus
infection severity, and the overall outcome, using the Fischer Exact Test instead of the Chi-square test, given
that the observed counts were of small size. Analysis elaborated that the participants who were HIV positive
had no significant difference concerning coronavirus disease severity vs non-HIV patients (p=0.727)

(Table 4). Moreover, admission to the ICU was slightly higher among HIV cases than non-HIV cases, but the
difference was not statistically significant (p=0.727) (Table 5). No significant difference (p=0.360) was
reported in the admission duration relative to HIV status (Table 6). Furthermore, higher mortality rates were
reported among HIV cases compared to non-HIV cases; nonetheless, the difference was not statistically
significant (p=0.238) (Table 7). Also, complications such as sepsis and cardiovascular entities were higher in
HIV cases than others, but the difference was insignificant (p > 0.05). However, ARF was significantly higher
among HIV cases (Table 8).

HIV Status
Covid-19 infection Severity* Positive Negative Total
Freq. % Freq. % Freq. %
Moderate 4 44.4 % 50 55.6 % 54 54.5 %
Severe 5 55.6 % 40 44.4 % 45 45.5 %
Total 9 100 % 90 100 % 99 100 %

TABLE 4: COVID-19 infection severity versus HIV Status

*The overall Fischer Exact Test p-value = 0.727
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HIV Status
Admitted to Intensive Care Unit * Positive Negative Total
Freq. % Freq. % Freq. %

Yes 5 55.6 % 43 47.8 % 48 48.5 %

No 4 44.4 % 47 52.2 % 51 51.5%

Total 9 100.0 % 90 100.0 % 99 100.0 %
TABLE 5: HIV status and Intensive Care Unit admission
*The overall Fischer Exact Test p-value = 0.735

HIV Status*
Duration of stay in the isolation centre* Positive Negative Total
Freq. % Freq. % Freq. %

<1 week 4 44.4 % 46 51.1% 50 50.5 %

1 -3 weeks 3 33.3 % 37 411 % 40 40.4 %

4 weeks or more 2 222 % 7 7.8 % 9 9.1 %

Total 9 100 % 90 100 % 99 100 %
TABLE 6: HIV status and isolation/admission period among the study population
*The overall Fischer Exact Test p-value = 0.360

HIV Status*
Overall outcome* Positive Negative Total
Freq. % Freq. % Freq. %

Recovered 1 1.1 % 35 38.9 % 36 36.4 %

Complications 3 33.3% 19 211 % 22 22.2%

Dead 5 55.6 % 36 40.0 % 41 41.4 %

Total 9 100 % 90 100 % 99 100 %

TABLE 7: HIV status and the overall outcome

*The overall Fischer Exact test p-value = 0.238
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Complications

Acute respiratory failure

Sepsis, septic shock & multiple organ failure

Coagulopathy

Cardiovascular complications

Necrotising pneumonia

Massive pulmonary embolism

Status

Yes (n=9)
Freq. %

4 44.4 %
5 55.6 %
3 333 %
6 66.7 %
0 0.0 %
9 100 %
2 222 %
7 77.8 %
0 0.0 %
9 100 %
0 0.0 %
9 100 %

No (n =90)
Freq. %
16 17.8 %
74 82.2%
14 15.6 %
76 84.4 %
15 16.7 %
75 83.3 %
9 10.0 %
81 90.0 %
5 5.6 %
85 94.4 %
2 22%
88 97.8 %

HIV
Total (n =99)
Fre q. %
20 20.2 %
79 79.8 %
17 17.2%
82 82.8 %
15 15.2 %
84 84.8 %
11 11.1%
88 88.9 %
5 51%
94 94.9 %
2 2%
97 98 %

TABLE 8: HIV status and complications observed during the study period

*Fischer Exact Test was performed

p-value*

0.0001

0.18

0.18

0.26

0.97

0.98

Discussion

COVID-19 and HIV are serious infections associated with higher mortality and morbidity rates than other
viral infections. Our study aimed to assess and explore HIV/COVID-19 co-infection among 99 patients
admitted with COVID-19 into the Primary Isolation Centre (Jabra Hospital) in Khartoum state, Sudan, from
2020-2022. In this study, the overall mean age was 50+1 years; however, the mean age among HIV patients
was 44*1 years. 47.5% (n=47) were older than 60 years, similar to the results by Omar et al., who reported

that the mean age in Sudan, in general, is 62 (55-70) years old [22]. However, in China, Zheng et al. reported

that the mean age of COVID-19 patients was 45 years (range 33.5-57 years) [23], while Lian et al. reported
higher age ranges with a corresponding mean age of 68.28+7.31 years [24]. In Jordan, Samrah et al. reported
that the mean age was 40 years [25]. Age has independent prognostic significance and may aid in shared
decision-making in COVID-19 patients. Furthermore, our study reported a male gender dominance of 66
(66.7%) and a male: female ratio of 2:1. Conversely, in China, Zheng et al. reported that male patients
accounted for 49.7% [23]. Furthermore, Lian et al. stated that there was a significantly higher frequency of
women in the older patient group than in younger patients (57.35% vs 46.47%, P = .021) [24]. Samrah et al.
from Jordan illustrated that about half of the patients (44 [54.3%]) were females, unlike Wan et al., who

concluded no significant gender difference, with 53.3% men [25, 26].

The majority of patients, 68 (68.7%), had multiple comorbidities, including predominantly diabetes,
hypertension and cardiovascular diseases, followed by isolated diabetes in 12 (12.1%) and hypertension in
11 (11.1%). The prevalence of comorbidities among both study groups was analogous, with an overall p-
value of 0.67, thus statistically insignificant. Similarly, Ssentongo et al. [27] concluded that these
comorbidities are also prevalent among patients with HIV/AIDS and may increase the adverse effects of
COVID-19. Nevertheless, Wan et al. reported a lower prevalence of primary hypertension, diabetes,
cardiovascular disease, and malignancy - 9.6%, 8.9%, 5.2%, and 3.0, respectively [26]. Likewise, in Jordan,

Samrah et al. reported only one-third (31%) had chronic diseases [25]. Sanyaolu et al. argued that COVID-19

patients with comorbidities, such as hypertension or diabetes mellitus, are more liable to develop a more
severe disease course [8]. Furthermore, Sanyaolu et al. observed that elderly patients with comorbidities
with COVID-19 infection had increased ICU admissions and mortality rates [8]. Only nine (9.1%)
participants had known HIV status; undoubtedly, it is a pre-determined proportion and not a true
prevalence. However, our current results are higher than the results published from Wuhan (<1%)

previously [28]. Therefore, accurately establishing the incidence of COVID-19 infection among patients with

HIV/AIDS versus the general population was unfeasible. Unfortunately, the viral load data were not
documented due to a lack of resources and disarray, particularly during the first year of the pandemic.
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Nonetheless, the majority, seven (77.8%), reported poor adherence to anti-retroviral therapy. Studies
reported that several factors in HIV play a significant role during a superimposed COVID-19 infection; CD4
count, viral load, and compliance to ART remain crucial for prognosis and overall outcome [29]. Non-
adherence to ART therapy is associated with low CD4 count, high viral load, and progression to AIDS and
death [30]. Also, Tesoriero et al. reported that HIV patients with high viral load had an increased risk of
hospitalization when co-infected with COVID-19. Nonetheless, several anti-retroviral therapies were
suggested to have anti-COVID-19 characteristics; however, the results were ambiguous [31].

On the other hand, among non-HIV patients, a higher overall mortality rate was observed, which could be
explained by several factors, including age-related comorbidities, given that the mean age in this group
(Control group) was 50+1 years versus 44+1 years among HIV patients (Exposed group). Additionally,
complications related to COVID-19 were more pronounced among the control group (Table 7). However,
Acute Respiratory Failure was more prevalent among HIV patients than in the control group (44.4% vs 17.8%)
and was statistically significant (p=0.001). This is remarkably contrary to several studies [32, 33];
nevertheless, several results, including a global study that included almost 200,000 participants from 38
countries with approximately 17,000 HIV-positive patients, concluded that HIV-positive patients had a 15%
more chance of being hospitalized with severe COVID-19, and furthermore, once inpatient, they had a 38%
higher mortality than non-HIV patients [17, 34].

Nonetheless, a higher mortality percent proportion was noticed among HIV cases than non-HIV cases (5/9
[55.6%] vs 36/90 [40%]); the difference was not statistically significant (p=0.238). Karmen-Tuohy et al.
concluded similar findings, stating that HIV insignificantly impacted clinical outcomes in patients with
superimposed COVID-19 [33]. Another New York City (NYC) study revealed that patients with HIV/COVID-
19 co-infection, almost 30% required mechanical ventilation and roughly 20% died or were discharged to
hospice [35]. However, Karmen et al. concluded that both study cohorts (HIV vs Non-HIV) had lower rates of
mechanical ventilation requirement yet higher death rates (23.8% vs 11.9% and 28.6% vs 23.8%,
respectively), in contrast to the general hospitalized population [33]. Furthermore, another study from NYC
reported a lower mortality rate of 21% among hospitalized cases [36]. Two more studies reported that,
although mortality rates among HIV patients co-infected by COVID-19 are lower than the general
population, a quarter had severe disease, with half of which required ICU admission [37, 38]. Thus, there is
controversy regarding mortality and morbidity among HIV patients.

In our current study, nearly half of the participants, 36 (36.4%), recovered and were discharged in good
condition, and the mortality rate was 41 (41.8%). The mortality rate was higher than the overall mortality for
Sudan currently. According to Altayb et al., the case fatality rate in Sudan was 6.23% [7]. However, this was
contrary to Omar et al., who reported that the general mortality rate was 37.5% [22]. Furthermore, Goyal et
al. reported only a 10.2% mortality rate (n=40) [30]. Also, in Saudi Arabia, Alyami et al. found that the
mortality rate decreased by 6.4% during the study period [39]. Raker et al. elaborated on these findings by
the fact that the death census due to COVID-19 does not out into account the collateral impact of the
pandemic on mortality rates [40]. Sher et al. added that the collateral impact includes chiefly reduced health
service accessibility and psychological repercussion [29]. Another study has emphasised that pandemic-
related increased rates of anxiety, low mood and addiction could result in suicide [41]. Another implication
would be the pandemic-related global economic crisis, accommodation insecurity and anxiety related to the
medical supplies' inaccessibility, particularly in patients with comorbidities [42]. Consequently, the term
"Mortality Excess" was designed to distinguish between COVID-19-related mortality versus deaths
anticipated without; nevertheless, this could be extremely unamenable to assess occasionally [43].

Lastly, the main limitation of our study is the relatively limited number of study participants; nevertheless,
clear inclusion criteria were followed to ensure outcomes quality. Another limitation was the follow-up, as
some outcomes - such as a long-term outcome or the presence of long-term complication - may have
required follow-up over a more extended period among HIV patients. So, a long-term prospective cohort
follow-up design may be helpful for a more detailed description of the practices that may control
complications among discharged patients. Furthermore, the lack of documentation in patient records, such
as viral load results, where the research was conducted, and relying on a minor manual system instead of an
electronic one has prohibited assessment of other entities.

Conclusions

This is the first report on HIV/COVID-19 co-infection from the National Isolation Centre in Sudan and one
of the few studies with a 2-years follow-up period. In general, morbidity and mortality percent

proportion due to COVID-19 among HIV patients was slightly higher than that among non-HIV patients;
however, it is statistically insignificant except for ARF. Based on our results, this category of patients should
not be considered highly susceptible to adverse outcomes when infected with COVID-19; however, ARF
should be closely monitored for. Given the conflicting data regarding this entity, our current study provides
substantial outcomes.

Additional Information
Disclosures
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Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Committee, Jabra Hospital issued approval N/A. The Institutional Review Committee, Jabra Hospital
approved the current research under the title "Consequences of COVID-19 on HIV Patients: Two-Year Data
From the Primary Isolation Centre in Sudan' after reviewing the proposal and final draft of the proposed
publication. Animal subjects: All authors have confirmed that this study did not involve animal subjects or
tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Cascella M, Rajnik M, Aleem A, et al.: Features, evaluation, and treatment of coronavirus (COVID-19)
[updated 2022 Feb 5]. StatPearls [Internet]. StatPearls Publishing, Treasure Island; 2023 Jan-.

2. Sun]J,He WT, Wang L, et al.: COVID-19: epidemiology, evolution, and cross-disciplinary perspectives.
Trends Mol Med. 2020, 26:483-95. 10.1016/j.molmed.2020.02.008

3. Harapan H, Itoh N, Yufika A, et al.: Coronavirus disease 2019 (COVID-19): a literature review . | Infect Public
Health. 2020, 13:667-73. 10.1016/}.jiph.2020.03.019

4. Hui DS, I Azhar E, Madani TA, et al.: The continuing 2019-nCoV epidemic threat of novel coronaviruses to
global health - the latest 2019 novel coronavirus outbreak in Wuhan, China. Int J Infect Dis. 2020, 91:264-6.
10.1016/}.ijid.2020.01.009

5. 'WHO Coronavirus (COVID-19) Dashboard. (2022). Accessed: March 25, 2022: https://covid19.who.int/.

6. Sudan: WHO Coronavirus Disease (COVID-19) Dashboard With Vaccination Data. (2022). Accessed: March
25, 2022: https://covid19.who.int/region/emro/country/sd,/.

7.  Altayb HN, Altayeb NM, Hamadalnil Y, Elsayid M, Mahmoud NE: The current situation of COVID-19 in
Sudan. New Microbes New Infect. 2020, 37:100746. 10.1016/j.nmni.2020.100746

8. Sanyaolu A, Okorie C, Marinkovic A, et al.: Comorbidity and its impact on patients with COVID-19 . SN
Compr Clin Med. 2020, 2:1069-76. 10.1007/s42399-020-00363-4

9. Wamai RG, Hirsch JL, Van Damme W, et al.: What could explain the lower COVID-19 burden in Africa
despite considerable circulation of the SARS-CoV-2 virus?. Int ] Environ Res Public Health. 2021,
18:10.3390/ijerph18168638

10. Documents | UNAIDS. (2020). Accessed: May 16, 2022:
https://www.unaids.org/en/resources/documents/2020/unaids-data.

11. Richman DD: Normal physiology and HIV pathophysiology of human T-cell dynamics. J Clin Invest. 2000,
105:565-6. 10.1172/]C19478

12.  Mellors JW, Munoz A, Giorgi JV, et al.: Plasma viral load and CD4+ lymphocytes as prognostic markers of
HIV-1 infection. Ann Intern Med. 1997, 126:946-54. 10.7326/0003-4819-126-12-199706150-00003

13.  Emanuel EJ, Persad G, Upshur R, et al.: Fair allocation of scarce medical resources in the time of Covid-19 . N
Engl ] Med. 2020, 382:2049-55. 10.1056/NE]Msb2005114

14. Nomah DK, Reyes-Uruena J, Llibre J]M, Ambrosioni J, Ganem FS, Mir6 JM, Casabona J: HIV and SARS-CoV-2
co-infection: epidemiological, clinical features, and future implications for clinical care and public health
for People Living with HIV (PLWH) and HIV most-at-risk groups. Curr HIV/AIDS Rep. 2022, 19:17-25.
10.1007/s11904-021-00596-5

15. Danwang C, Noubiap JJ, Robert A, Yombi JC: Outcomes of patients with HIV and COVID-19 co-infection: a
systematic review and meta-analysis. AIDS Res Ther. 2022, 19:3. 10.1186/512981-021-00427-y

16.  Schaurich D, Munhoz OL, Ramos Junior A, Dalmolin A, Oliveira G, Cremonese L: Clinical progression of
COVID-19 coinfection in people living with the human immunodeficiency virus: scoping review. Rev Bras
Enferm. 2021, 75:e20201380. 10.1590/0034-7167-2020-1380

17.  Ssentongo P, Heilbrunn ES, Ssentongo AE, et al.: Epidemiology and outcomes of COVID-19 in HIV-infected
individuals: a systematic review and meta-analysis. Sci Rep. 2021, 18:6283. 10.1038/s41598-021-85359-3

18.  Cabello A, Zamarro B, Nistal S, et al.: COVID-19 in people living with HIV: a multicenter case-series study .
Int J Infect Dis. 2021, 102:310-5. 10.1016/j.ijid.2020.10.060

19.  World Health Organization: Clinical Management of COVID-19: Interim Guidance - 27 May 2020 . World
Health Organization, Geneva; 2020.

20. Bashar MA: Modified BG Prasad Socioeconomic Status Scale: updated for the year 2022 . Indian Pediatr.
2022, 59:816.

21. O'Halloran Leach E, Lu H, Caballero ], Thomas JE, Spencer EC, Cook RL: Defining the optimal cut-point of
self-reported ART adherence to achieve viral suppression in the era of contemporary HIV therapy: a cross-
sectional study. AIDS Res Ther. 2021, 18:36. 10.1186/512981-021-00358-8

22. Omar SM, Musa IR, Salah SE, Elnur MM, Al-Wutayd O, Adam I: High mortality rate in adult COVID-19
inpatients in eastern Sudan: a retrospective study. ] Multidiscip Healthc. 2020, 13:1887-93.
10.2147/JMDH.S283900

23. ZhengF, Tang W, Li H, Huang YX, Xie YL, Zhou ZG: Clinical characteristics of 161 cases of corona virus
disease 2019 (COVID-19) in Changsha. Eur Rev Med Pharmacol Sci. 2020, 24:3404-10.
10.26355/eurrev_202003 20711

24. Lian], JinX, Hao S, et al.: Analysis of epidemiological and clinical features in older patients with
coronavirus disease 2019 (COVID-19) outside Wuhan. Clin Infect Dis. 2020, 71:740-7. 10.1093/cid/ciaa242

25. Samrah SM, Al-Mistarehi AW, Ibnian AM, et al.: COVID-19 outbreak in Jordan: epidemiological features,
clinical characteristics, and laboratory findings. Ann Med Surg (Lond). 2020, 57:103-8.
10.1016/j.amsu.2020.07.020

26. Wan S, Xiang Y, Fang W, et al.: Clinical features and treatment of COVID-19 patients in northeast

2023 Nemery et al. Cureus 15(3): €36939. DOI 10.7759/cureus.36939 9 0of 10


https://www.ncbi.nlm.nih.gov/books/NBK554776/
https://dx.doi.org/10.1016/j.molmed.2020.02.008
https://dx.doi.org/10.1016/j.molmed.2020.02.008
https://dx.doi.org/10.1016/j.jiph.2020.03.019
https://dx.doi.org/10.1016/j.jiph.2020.03.019
https://dx.doi.org/10.1016/j.ijid.2020.01.009
https://dx.doi.org/10.1016/j.ijid.2020.01.009
https://covid19.who.int/
https://covid19.who.int/
https://covid19.who.int/region/emro/country/sd/
https://covid19.who.int/region/emro/country/sd/
https://dx.doi.org/10.1016/j.nmni.2020.100746
https://dx.doi.org/10.1016/j.nmni.2020.100746
https://dx.doi.org/10.1007/s42399-020-00363-4
https://dx.doi.org/10.1007/s42399-020-00363-4
https://dx.doi.org/10.3390/ijerph18168638
https://dx.doi.org/10.3390/ijerph18168638
https://www.unaids.org/en/resources/documents/2020/unaids-data
https://www.unaids.org/en/resources/documents/2020/unaids-data
https://dx.doi.org/10.1172/JCI9478
https://dx.doi.org/10.1172/JCI9478
https://dx.doi.org/10.7326/0003-4819-126-12-199706150-00003
https://dx.doi.org/10.7326/0003-4819-126-12-199706150-00003
https://dx.doi.org/10.1056/NEJMsb2005114
https://dx.doi.org/10.1056/NEJMsb2005114
https://dx.doi.org/10.1007/s11904-021-00596-5
https://dx.doi.org/10.1007/s11904-021-00596-5
https://dx.doi.org/10.1186/s12981-021-00427-y
https://dx.doi.org/10.1186/s12981-021-00427-y
https://dx.doi.org/10.1590/0034-7167-2020-1380
https://dx.doi.org/10.1590/0034-7167-2020-1380
https://dx.doi.org/10.1038/s41598-021-85359-3
https://dx.doi.org/10.1038/s41598-021-85359-3
https://dx.doi.org/10.1016/j.ijid.2020.10.060
https://dx.doi.org/10.1016/j.ijid.2020.10.060
https://apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf?sequence=1&isAllowed=y
https://www.indianpediatrics.net/oct2022/816.pdf
https://dx.doi.org/10.1186/s12981-021-00358-8
https://dx.doi.org/10.1186/s12981-021-00358-8
https://dx.doi.org/10.2147/JMDH.S283900
https://dx.doi.org/10.2147/JMDH.S283900
https://dx.doi.org/10.26355/eurrev_202003_20711
https://dx.doi.org/10.26355/eurrev_202003_20711
https://dx.doi.org/10.1093/cid/ciaa242
https://dx.doi.org/10.1093/cid/ciaa242
https://dx.doi.org/10.1016/j.amsu.2020.07.020
https://dx.doi.org/10.1016/j.amsu.2020.07.020
https://dx.doi.org/10.1002/jmv.25783

Cureus

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Chongqing. ] Med Virol. 2020, 92:797-806. 10.1002/jmv.25783

Ssentongo P, Ssentongo AE, Heilbrunn ES, Ba DM, Chinchilli VM: Association of cardiovascular disease and
10 other pre-existing comorbidities with COVID-19 mortality: a systematic review and meta-analysis. PLoS
One. 2020, 15:€0238215. 10.1371/journal.pone.0238215

Guo W, Ming F, Dong Y: A survey for COVID-19 among HIV/AIDS patients in two districts of Wuhan, China .

SSRN. 2020457,

Sher L: The impact of the COVID-19 pandemic on suicide rates . QJM. 2020, 113:707-12.
10.1093/qgjmed/hcaa202

Goyal P, Choi JJ, Pinheiro LC, et al.: Clinical characteristics of Covid-19 in New York City . N Engl ] Med.
2020, 382:2372-4. 10.1056/NEJMc2010419

Tesoriero JM, Swain CE, Pierce JL, et al.: COVID-19 outcomes among persons living with or without
diagnosed HIV infection in New York State. JAMA Netw Open. 2021, 4:e2037069.
10.1001/jamanetworkopen.2020.37069

Durstenfeld MS, Sun K, Ma Y, Rodriguez F, Secemsky EA, Parikh RV, Hsue PY: Impact of HIV infection on
COVID-19 outcomes among hospitalized adults in the U.S. medRxiv. 2021, 10.1101/2021.04.05.21254938
Karmen-Tuohy S, Carlucci PM, Zervou FN, et al.: Outcomes among HIV-positive patients hospitalized with
COVID-19. ] Acquir Immune Defic Syndr. 2020, 85:6-10. 10.1097/QA1.0000000000002423

Bertagnolio S, Thwin SS, Silva R, et al.: Clinical features of, and risk factors for, severe or fatal COVID-19
among people living with HIV admitted to hospital: analysis of data from the WHO Global Clinical Platform
of COVID-19. Lancet HIV. 2022, 9:e486-95. 10.1016/52352-3018(22)00097-2

Petrilli CM, Jones SA, Yang ], et al.: Factors associated with hospital admission and critical illness among
5279 people with coronavirus disease 2019 in New York City: prospective cohort study. BMJ. 2020,
369:m1966. 10.1136/bmj.m1966

ZhouF, Yu T, DuR, et al.: Clinical course and risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet. 2020, 395:1054-62. 10.1016/S0140-6736(20)30566-3
Guan WJ, Ni ZY, Hu Y, et al.: Clinical characteristics of coronavirus disease 2019 in China . N Engl ] Med.
2020, 382:1708-20. 10.1056/NE]Moa2002032

Borobia AM, Carcas AJ, Arnalich F, et al.: A cohort of patients with COVID-19 in a major teaching hospital
in Europe. | Clin Med. 2020, 9: 10.3390/jcm9061733

Alyami MH, Naser AY, Orabi MA, Alwafi H, Alyami HS: Epidemiology of COVID-19 in the Kingdom of Saudi
Arabia: an ecological study. Front Public Health. 2020, 8:506. 10.3389/fpubh.2020.00506

Raker EJ, Zacher M, Lowe SR: Lessons from Hurricane Katrina for predicting the indirect health
consequences of the COVID-19 pandemic. Proc Natl Acad Sci U S A. 2020, 117:12595-7.
10.1073/pnas.2006706117

Wolfson JA, Leung CW: Food insecurity and COVID-19: disparities in early effects for US adults . Nutrients.
2020, 12:10.3390/nu12061648

Stokes AC, Lundberg DJ, Elo IT, Hempstead K, Bor J, Preston SH: Assessing the impact of the Covid-19
pandemic on US mortality: a county-level analysis. medRxiv. 2021, 10.1101/2020.08.31.20184036

Maltese G, Corsonello A, Di Rosa M, Soraci L, Vitale C, Corica F, Lattanzio F: Frailty and COVID-19: a
systematic scoping review. | Clin Med. 2020, 9:10.3390/jcm9072106

2023 Nemery et al. Cureus 15(3): €36939. DOI 10.7759/cureus.36939

10 of 10


https://dx.doi.org/10.1002/jmv.25783
https://dx.doi.org/10.1371/journal.pone.0238215
https://dx.doi.org/10.1371/journal.pone.0238215
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3550029
https://dx.doi.org/10.1093/qjmed/hcaa202
https://dx.doi.org/10.1093/qjmed/hcaa202
https://dx.doi.org/10.1056/NEJMc2010419
https://dx.doi.org/10.1056/NEJMc2010419
https://dx.doi.org/10.1001/jamanetworkopen.2020.37069
https://dx.doi.org/10.1001/jamanetworkopen.2020.37069
https://dx.doi.org/10.1101/2021.04.05.21254938
https://dx.doi.org/10.1101/2021.04.05.21254938
https://dx.doi.org/10.1097/QAI.0000000000002423
https://dx.doi.org/10.1097/QAI.0000000000002423
https://dx.doi.org/10.1016/S2352-3018(22)00097-2
https://dx.doi.org/10.1016/S2352-3018(22)00097-2
https://dx.doi.org/10.1136/bmj.m1966
https://dx.doi.org/10.1136/bmj.m1966
https://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://dx.doi.org/10.1056/NEJMoa2002032
https://dx.doi.org/10.1056/NEJMoa2002032
https://dx.doi.org/10.3390/jcm9061733
https://dx.doi.org/10.3390/jcm9061733
https://dx.doi.org/10.3389/fpubh.2020.00506
https://dx.doi.org/10.3389/fpubh.2020.00506
https://dx.doi.org/10.1073/pnas.2006706117
https://dx.doi.org/10.1073/pnas.2006706117
https://dx.doi.org/10.3390/nu12061648
https://dx.doi.org/10.3390/nu12061648
https://dx.doi.org/10.1101/2020.08.31.20184036
https://dx.doi.org/10.1101/2020.08.31.20184036
https://dx.doi.org/10.3390/jcm9072106
https://dx.doi.org/10.3390/jcm9072106

	Consequences of COVID-19 Among Adult HIV Patients Versus Non-HIV Patients: Two-Year Data From the Primary Isolation Centre in Sudan
	Abstract
	Background
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Primary isolation centre
	Study population and selection

	Results
	FIGURE 1: Age distribution among participants
	TABLE 1: Gender distribution among participants
	FIGURE 2: Residence distribution among the study population
	TABLE 2: Socioeconomic status of the study population
	TABLE 3: Comorbidities among participants
	FIGURE 3: Adherence to HIV therapy among the study participants
	TABLE 4: COVID-19 infection severity versus HIV Status
	TABLE 5: HIV status and Intensive Care Unit admission
	TABLE 6: HIV status and isolation/admission period among the study population
	TABLE 7: HIV status and the overall outcome
	TABLE 8: HIV status and complications observed during the study period

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


