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Abstract
Purpose  SARS-CoV-2 infection produces lymphopenia and CD4+ T-cell decrease, which could lead to a higher risk of 
bacterial co-infection or impair immunological evolution in people living with HIV (PLWH).
Methods  We investigated the rate of co-infection and superinfection, and the evolution of CD4+ count and CD4+/CD8+ 
ratio, in hospitalized PLWH with COVID-19.
Results  From March to December 2020, 176 PLWH had symptomatic COVID-19 and 62 required hospitalization (median 
age, 56 years, 89% males). At admission, 7% and 13% of patients had leukocytosis or increased procalcitonin values and 37 
(60%) received empiric antibiotic therapy, but no bacterial co-infection was diagnosed. There were seven cases of superinfec-
tion (12%), and one case of P. jiroveci pneumonia during ICU stay. No significant change in CD4+ count or CD4+/CD8+ 
ratio was observed after discharge.
Conclusion  Bacterial co-infection is not frequent in PLWH with COVID-19. Immune recovery is observed in most of patients 
after the disease.
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Background

HIV-1 and SARS-CoV-2 infections share CD4+ T-cell 
lymphopenia as pathogenic mechanism. Therefore, hypo-
thetically, the presence of SARS-CoV-2 infection in people 
living with HIV (PLWH) could be associated with a high 
rate of bacterial infections or other complications, as AIDS 
co-infection has been associated with more severe outcomes 
in pandemic and seasonal influenza [1]. Furthermore, the 
exacerbation in CD4 T-cell drop could lead to a transient 
higher risk of opportunistic infections, or at least, to a fall 
in CD4+ count that could compromise the immune recovery 
in this population [2]. To evaluate this question, we assessed 

the rate of bacterial and opportunistic infections in PLWH 
during COVID-19, and the evolution of CD4+ T-cell lym-
phopenia after the disease.

Methods

Since March 2020, PLWH diagnosed with SARS-CoV-2 
infection in our Unit were prospectively followed to ascer-
tain clinical evolution. For the purpose of this study, we 
analyze the proportion of PLWH who were infected simul-
taneously with other pathogens during admission, and the 
evolution of CD4+ T-cell and CD4+/CD8+ ratio after the 
disease.

We included only symptomatic PLWH with a confirmed 
diagnosis of COVID-19 who need hospitalization. Our hos-
pital guidelines recommended to rule out the possibility of 
bacterial co-infection in case of severe disease, immuno-
suppression, atypical clinical or radiological presentation, 
or increased inflammatory markers at the initial evaluation. 
Thus, blood, urine, or/and respiratory samples cultures, 
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and Pneumococcal and Legionella urinary antigen tests 
(BinaxNOW assays, Abbott, Illinois, USA) were performed 
according to physician criteria at the initial evaluation.

The results of microbiological specimens taken and the 
use of antibiotics at admission and during hospitalization 
were collected. The presence of infection was considered in 
case of clinical or laboratory-confirmed co-infections, iden-
tified by bacterial or fungal culture of respiratory samples or 
blood, or through antigen detection methods or PCR detec-
tion of respiratory pathogens. Inflammatory markers were 
not taken into consideration in the diagnosis of infection in 
absence of clinical or microbiological confirmation.

Infections were divided in co-infection or superinfec-
tion according to the presence of clinical parameters and 
microbiological isolation of samples taken during the first 
48 h since admission, or more than 48 h after, respectively. 
Patients were reviewed at the HIV unit a median time of 
2 months after discharge (median 59 days), and CD4+ count 
and CD4/CD8 ratio were obtained to evaluate the changes 
in the immune status.

The study protocol was approved by our Institutional 
Review Board (EC 110/20), and patients provided oral 
informed consent to minimize staff exposure.

Statistical analysis

Continuous and categorical variables were presented as 
median (interquartile range (IQR)) and absolute number 
(percentage), respectively. We used the Mann–Whitney U 
test, chi-square test and Fisher exact test to compare dif-
ferences between patients who were hospitalized, received 
antibiotic therapy and those who did not. Analysis of paired 
observations during follow-up was performed using the Wil-
coxon rank signed t test. Data were analyzed using SPSS ver-
sion 20.0. P value < 0.05 was taken as level of significance.

Results

From March to December 2020, 176 out of 2873 PLWH 
(6%) in regular follow-up in our Unit were diagnosed with 
COVID-19. Of them, 62 (35%) required hospitalization 
and were considered as the sample of interest. As expected, 
patients who need hospitalization were older (median, 56 
vs 49 years; p = 0.003), and showed a trend to have more 
comorbidities (mean, 1.7 vs 1.2; p = 0.088), and a lower 
median nadir CD4+ (225 vs 298 cells/mm3; p = 0.097). As 
expected, they had a worse clinical and analytical presenta-
tion (persistent fever 71% vs 16%; p < 0.001; oxygen satura-
tion at admission, 93% vs 97%; p = 0.001; C-reactive protein, 
CRP, 70 vs 15 mg/l; p < 0.001; Lactic dehydrogenase, LDH, 
291 vs 181 mg/dl; p < 0.001), despite maintained virological 
suppression in all the cases.

Baseline characteristics of the 62 hospitalized patients 
are shown in Table 1. Of note, only 8 patients (13%) had 
procalcitonin values above 0.3 ng/ml, and 4 (7%) had periph-
eral blood leukocytosis (white blood cells, WBC, > 10 × 103 
cells/mm3). At admission, Pneumococcal and Legionella 
urinary antigen test was solicited in 23 cases (38%) and 
blood/respiratory samples cultures in 24 (40%), in all the 
cases both with negative results. Thus, there were no con-
firmed cases of co-infection, although empiric antibiotic 
therapy was started in 37 cases (60%). especially in those 
with comorbidities. A more detailed description of patients 
receiving antibiotic therapy is showed in Table 1. The most 
used antibiotics were azithromycin (19 cases, 31%), ceftri-
axone (14 cases, 23%), piperacillin–tazobactam (8 cases, 
13%), and levofloxacin/amoxicillin–clavulanic (2 each, 3%) 
during a median time of 6 days (IQR, 5–10). Of note, both 
leukocyte count and procalcitonin values were significantly 
higher in those cases of PLWH requiring ICU care (6 cases, 
10%) or who die (5, 8%).

Seven PLWH had a bacterial superinfection (12%, 95% 
confidence interval, CI, 3–20), associated with a prolonged 
hospital stay (median 24 days, IQR, 12–40). A higher pro-
portion of ICU patients had bacterial superinfections than 
patients in ward settings (3/6, 50% vs 8%; p = 0.023). In 
detail, there were 3 cases of urinary tract infections, 4 cases 
of ventilator-associated pneumonia (VAP), and 2 episodes 
of central-line associated blood stream infection, The com-
monest isolated bacteria were E.faecalis (2)/faecium (1), 
E.cloacae (2), P. aeruginosa (2), K.pneumoniae (1) and 
M. morganii (1), including 3 carbapenem-resistant iso-
lates (VAP due to E.cloacae (2) and K. pneumoniae). Two 
PLWH had suspicion of fungal super-infection during ICU 
stay (one with positive galactomannan, 1 colonized by C. 
krusei) but treatment was not indicated because of lack of 
symptoms and the high probability of colonization. There 
were no cases of viral infections but one case of recurrence 
of varicella zoster virus in a severely ill patient in the ICU. 
Two of the 7 patients with superinfection died during hos-
pitalization (29%).

One PLWH (2%) developed an opportunistic infection 
after 39 days of hospitalization (P.jiroveci pneumonia). This 
was a 37-year-old female, without baseline comorbidities, 
with CD4+ count nadir of 453 cells/mm3 and last CD4+ 
value before admission of 858 cells/mm3, with respiratory 
worsening despite use of immunosuppressive drugs such as 
corticosteroids and tocilizumab, who required ICU admis-
sion and orotracheal intubation. She received adequate ther-
apy and was discharged after 64 days.

We evaluated CD4+ T-cell count evolution after COVID-
19. Overall, there were no significant changes between 
the last values of CD4+ count and CD4/CD8 ratio before 
COVID-19 disease, (median, 71 days, IQR, 41–128), and 
the evolution around 2 months (median time, 59 days, IQR, 
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38–91 days) after hospital discharge (Fig. 1A, B). Of note, 
21 (38%) and 22 (40%) PLWH had a decrease in CD4+ 
count and CD4/CD8 ratio during COVID-19 that persisted 
after the disease, and albeit not significant, this CD4+ count 
decrease was more frequently observed in those with nadir 
CD4+ count < 200 cells /mm3 (45% vs 30%), previous 
AIDS-defining illness (46% vs 33%) or more severe disease 
at admission (55% vs 33%).

Discussion

Co-infections in COVID-19 have been described in previous 
studies but reported incidence varies greatly, according to 
definition criteria and the diagnostic methods used [3, 4]. 
Our study, the first evaluating the burden of co-infections, 

AIDS-related diseases, and persistence of immunodepres-
sion in PLWH with confirmed SARS-CoV-2 infection, indi-
cated that co-infections are rare in well-controlled PLWH, 
independently of the CD4+ drop associated with acute 
disease.

This fact is not unexpected, as only 3–7% of bacterial 
co-infections have been described in the general popula-
tion, predominantly in older patients [5, 6]. Furthermore, 
less than 13% of our PLWH had alteration in inflammatory 
serological markers such as procalcitonin or leukocyto-
sis, parameters usually associated with bacterial infection, 
even using a low procalcitonin threshold value [7]. Indeed, 
although these markers were associated with ICU admission 
or mortality, it has been demonstrated that they could be 
increased in patients with COVID-19 without a correspond-
ing bacterial co-infection occurring [8].

Table 1   Characteristics of the 62 PLWH hospitalized, and according to empiric antibiotic therapy at admission

Values are expressed as median, interquartile range unless otherwise explained
CVD cardiovascular disease, CKD chronic kidney disease, HCV hepatitis C virus, COPD chronic obstructive pulmonary disease, CRP C-reactive 
protein, WBC white blood count, ICU intensive care unit
* Comparison of those receiving antibiotic vs no antibiotic use

Hospitalized (62) Empiric antibiotic 
therapy (37)

No antibiotic use (25) p value*

Age (years, range) 56 (30–75) 56 (30–75) 55 (31–74) 0.588
Sex (male) 55 (89%) 33 (89%) 22 (88%) 0.995
Body mass index (kg/m2) 25.9 (23–29.5) 25.8 (23–29.1) 26.5 (23.6–31) 0.693
Comorbidities (n, %) 46 (74%) 29 (78%) 17 (68%)
 Hypertension 24 (39%) 11 (31%) 13 (52%) 0.177
 Diabetes 8 (13%) 4 (11%) 4 (14%) 0.805
 CVD 12 (19%) 10 (26%) 2 (9%) 0.174
 CKD 8 (13%) 4 (11%) 4 (14%) 0.835
 Prior HCV co-infection 24 (39%) 20 (54%) 4 (14%) 0.002
 COPD 11 (18%) 9 (23%) 2 (9%) 0.287
 Transplant/immunosuppressant 5 (8%) 4 (11%) 1 (4%) 0.639

AIDS diagnosis (previous OI) 20 (32%) 13 (35%) 7 (28%) 0.101
CD4+ count nadir (cells/mm3) 225 (117–663) 225 (122–344) 215 (101–391) 0.991
CD4+ count (cells/mm3) 687 (430–829) 696 (367–877) 686 (504–808) 0.852
CD4/CD8 ratio 0.82 (0.55–1.31) 0.73(0.51–1.26) 0.94 (0.62–1.3) 0.082
Clinical status at admission
 Persistent fever 44 (71%) 28 (77%) 16 (65%) 0.355
 O2 saturation 93% (92–96) 93% (92–95) 93% (93–97) 0.528

Analytical abnormalities
 CRP (mg/l) 70 (24–137) 87 (28–145) 33 (16–92) 0.081
 Procalcitonin (ng/ml) 0.08 (0.04–0.13) 0.08 (0.04–0.14) 0.05 (0.02–0.1) 0.222
 WBC count (× 103 cells/ mm3) 5.85 (4.5–8.1) 5.8 (4.9–8.2) 6 (4.5–7.9) 0.761
 Lymphocyte count < 0.9 × 103 cells/mm3 19 (30%) 13 (35) 6 (25) 0.397
 D-dimer (ng/ml) 754 (436–1559) 946 (512–1699) 456 (292–1219) 0.057

Outcome
 ICU admission 6 (10%) 4 (11%) 2 (8%) 0.767
 Death 5 (8%) 3 (8%) 2 (8%) 0.991
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Notably, the majority of our cohort received empiric anti-
biotic treatment with azithromycin or ceftriaxone at hospital 
admission. This extended use of antibiotic has been already 
described in the general population, and it could be associ-
ated with emergence of resistance in subsequent infections 
[9]. In our cohort, superinfections were observed in 12%, a 
similar incidence than that observed in the general popula-
tion (14%) [3], related to prolonged hospitalization and ICU 
stay, as we observed. Of clinical importance, multi-resistant 
bacteria were frequently isolated.

There are some concerns that concomitant SARS-CoV-2 
and HIV infection increase the risk of complications associ-
ated with immunodepression, since both share lymphopenia 
and CD4+ T-cell decrease as pathogenic mechanisms, In 

spite of 30% of severe lymphopenia at admission, we only 
observed one unexpected case of P. jiroveci pneumonia in 
a PLWH with previous high CD4+ count, after 39 days 
of admission and ICU stay, probably related to the use of 
immunosuppressive drugs.. This unusual co-infection has 
been described as co-infection or even as debut of HIV [10], 
and it should be considered in cases with clinical impairment 
after prolonged hospitalization, even in absence of previous 
immunosuppression. On the other hand, we demonstrated a 
return to baseline values in CD4+ count and CD4/CD8 ratio 
after COVID-19, even in an important proportion of those 
PLWH with a low level before infection. This fact suggests 
the lack of immunological sequelae in most of the cases, at 
least in terms of CD4+ T-cell count.

Our study acknowledged some limitations. The study was 
limited to one center and to a low number of PLWH, and 
results could change by considering that 8% of patients died 
during hospitalization. On the other hand, this limitation 
allowed us to have consistency in management of patients 
and antimicrobial policies. Second, despite that there 
were general recommendations for screening COVID-19 
patients for bacterial co-infection, request of blood cultures 
or urinary antigen tests for respiratory pathogens relied on 
physician judgement. Therefore, empirical antimicrobial 
treatment could have masked the presence of bacterial co-
infections in some cases. Finally, this study was carried out 
before predominance of the new variants of concern (VOC), 
such as the more aggressive delta variant and therefore, the 
rate of bacterial co-infection or the repercussions in the 
immune status could be now different.

In conclusion, we showed that bacterial co-infection was 
unusual in well-controlled PLWH with COVID-19, sug-
gesting that empirical antimicrobial treatment could be not 
necessary in PLWH. Furthermore, our findings suggest that 
COVID-19 does not impact the immune recovery in most 
PLWH after the disease.
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Fig. 1   A CD4+ T-cell count in PLWH with symptomatic, confirmed 
SARS-CoV-2 infection who required hospitalization: nadir CD4+ 
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coxon signed rank test. B CD4/CD8 ratio before COVID-19 admis-
sion (left) and around 2 months after they have overcome the disease 
(right). Boxes represent median and interquartile range. Discontinued 
lines between points indicate individual changes for 57 PLWH (5 
patients died during COVID-19 admission). Comparison was per-
formed by Wilcoxon signed rank test
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