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Learning points  1 

 2 

1. Deficient resources in low- and middle-income countries (LMIC) negatively 3 

influence health care and patient related outcomes. 4 

2. Infection prevention and control (IPC) is crucial in healthcare to slow the spread of 5 

antibiotic resistance and reduce patient morbidity and mortality. 6 

3. Early anatomical reduction of fractures reduces complications and improves long 7 

term function. 8 

 9 

Abstract  10 

 11 

Introduction: Healthcare-associated infections (HAI) are particularly prevalent in low- and 12 

middle-income countries (LMICs). HAIs cause a serious threat to patient wellbeing and 13 

have been associated with increased patient morbidity and mortality, longer hospital 14 

admission times, increased risk of antibiotic resistance, and higher healthcare costs.  15 

Case: A case of a 23-year-old polytrauma patient in Zambia reveals the devastating 16 

outcomes of lack of resources, HAIs, and delayed treatment in LMICs.  17 

Discussion: Research demonstrates the negative influence of LMIC status on health care 18 

and patient related outcomes. This report, in conjunction with the literature, emphasises the 19 

importance of prompt trauma management and strict infection control. The critical need for 20 

more knowledge around infection prevention and control (IPC) and resources to implement 21 

IPC processes in LMICs are highlighted.22 
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 1 

Introduction 2 

 3 

Healthcare-associated infections (HAI) are a major health challenge worldwide, and 4 

instances are particularly prevalent in low- and middle-income countries (LMICs) [1-3]. 5 

LMICs face many challenges contributing to decreased HAI control including lack of 6 

resources, reduced health literacy, and massive overcrowding [2,3]. HAIs pose a serious 7 

threat to patient wellbeing and literature shows that HAIs have been associated with 8 

increased patient morbidity and mortality, longer hospital admission times, increased risk 9 

of antibiotic resistance, and higher healthcare costs [2,3,6]. 10 

 11 

Surgical site infections (SSI) are among the most common cause of HAIs, alongside central 12 

line-associated infections, catheter-related infections, and hospital-acquired pneumonia 13 

[2,4,5]. Factors such as inadequate hand hygiene, inappropriate antibiotic use, and 14 

emergency surgery increase the risk of infection [2,4,5]. Evidence-based practice to prevent 15 

SSIs includes preoperative antibiotics and strict perioperative infection control regimes 16 

such as hand hygiene and barrier protective equipment [4]. 17 

 18 

Hand hygiene has been proven to be an effective and critical strategy in reducing all HAIs, 19 

in particular the use of alcohol-based hand gel. However, this simple resource is often 20 

scarce in LMICs [2,3].  21 

22 
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Case 1 

 2 

A 23-year-old female presented to the emergency department of a local hospital in Zambia, 3 

in haemorrhagic shock with polytrauma following a motor vehicle accident (MVA). She 4 

was admitted to the hospital with extensive lower limb crush injuries from the MVA. She 5 

had no previous medical or surgical history, was single, lived nearby in one of the local 6 

villages with her mother, denied alcohol use, and was a non-smoker. Initial management 7 

included a primary survey and resuscitation requiring a blood transfusion. Following a 8 

secondary survey, she was diagnosed with bilateral closed displaced femoral shaft 9 

fractures, a right distal leg traumatic amputation, a left distal fibula fracture, degloving 10 

wounds to her left leg and foot, and a deep laceration to her right upper limb, as well as 11 

multiple minor skin lacerations. Further management included a guillotine transtibial below 12 

knee amputation (BKA) to her right leg, subsequent debridement, and wound dressings. 13 

She was commenced on benzylpenicillin, gentamicin, metronidazole, pethidine, and 14 

paracetamol.  15 

 16 

On day six of her admission she was showing signs of residual anaemia (Haemoglobin 17 

(Hb) 76 g/L), necrosis of her leg wounds, and sepsis. Following another blood transfusion, 18 

she taken to theatre for evaluation under spinal anaesthesia, wound debridement and 19 

bilateral Steinmann transtibial pin insertions to assist with distraction of her bilateral femur 20 

fractures. There was no air conditioning or HEPA filters in the theatre and exterior 21 

windows were open to obtain air flow in the heat. During the procedure, wound cultures 22 

were unable to be obtained as the hospital had no supplies of sterile swabs. She was afebrile 23 

and haemodynamically stable post-surgery and her Hb levels had improved to 106 g/L. 24 

Skeletal traction was commenced for fracture reduction using a rope and pulley system 25 

attached to large water bottles which hung off the end of the bed.  26 

 27 

On day 21, she was taken back to theatre for wound debridement, split-thickness skin graft 28 

and stump closure. Daily wound care involved bedside wound dressing removal, normal 29 

saline wash, application of gauze soaked in honey, and crepe bandage. She had daily 30 

routine bloods as well as chest and limb physiotherapy. Her daily medications included 31 

ceftriaxone, analgesia, folic acid and ferrous sulphate.  32 

 33 

Throughout this patient’s hospital stay she developed multiple wound infections requiring 34 

frequent surgeries (Table 1). A major complication was the development of wet gangrene in 35 

her right BKA stump wound requiring a transfemoral above knee amputation (AKA). 36 

Unfortunately, one week later her AKA stump had also become gangrenous requiring 37 

further debridement in theatre. Despite this debridement, four weeks later her AKA stump 38 

developed osteomyelitis and she returned to theatre for debridement and sequestrectomy of 39 

her AKA stump.  40 

 41 

Approximately five months’ post injury, the patient was taken to theatre for the tenth time 42 

for an open reduction internal fixation of her left femoral shaft fracture. Given the time 43 

lapse since injury and unsuccessful attempts at reduction, the fracture had started to heal in 44 

the displaced position with callous formation evident on a plain radiograph (Figure 1).  45 

 46 
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The patient was given a spinal anaesthesia with minimal sedation. The procedure was 1 

complicated by debridement of extensive fibrous tissue at the fracture site due to a 2 

significant overlap of fragments of approximately 10 cm. The fragments were shortened 3 

approximately four centimetres, the fracture was reduced, and an interlocking nail was 4 

placed in the femoral shaft. She lost a substantial amount of blood during the surgery and 5 

was hypotensive (blood pressure 75/40 mmHg) and tachycardic (pulse rate 145 beats per 6 

minute). While blood products were necessary for adequate resuscitation, there was only 7 

one bag of blood available for transfusion. The patient required tranexamic acid, two litres 8 

of normal saline and multiple boluses of adrenaline in addition to the bag of packed red 9 

blood cells. Her blood pressure had stabilised to 110/70 mmHg in recovery.  10 

 11 

The hospital had an inconsistent and limited supply of antibiotics. The common antibiotics 12 

available were penicillin, gentamicin, metronidazole, ceftriaxone, and cefotaxime. 13 

Occasionally the hospital stocked cefoxitin, ciprofloxacin, linezolid, co-trimoxazole, 14 

nitrofurantoin, and piperacillin-tazobactam. Ceftriaxone was given in this case, justified as 15 

the only intravenous antibiotic available at the time, and while the intention may have been 16 

to give this antibiotic preoperatively, it was only administered on completion of the 17 

surgery. Sterile equipment such as gowns, gloves and surgical instruments were scarce 18 

within the hospital, and the limited supply meant that surgeries were delayed until 19 

equipment could be re-sterilised. The wards were overcrowded and hand hygiene 20 

throughout this patient’s care was negligible, with finite supply of alcohol-based hand gel, 21 

hand washing facilities, and gloves. 22 

 23 

After five months in hospital, this patient was discharged home in a wheelchair to follow up 24 

in outpatient clinics for wound and fracture care. Unfortunately, given the extent of damage 25 

caused to surrounding soft tissue during the fracture repair, her functional prognosis was 26 

poor with a high risk of fracture non-union and avascular necrosis. 27 



   

 7 

Discussion 1 

 2 

This case was significant as it combined severe polytrauma, multiple SSIs, and complex 3 

fracture management with resource-limited health care and infection control. Infection 4 

control is vital to all aspects of health care, and the devastating outcomes of poor infection 5 

control are emphasised by this case. While prevention of infection is key, early recognition 6 

of wound infections is crucial to prevent both limb-threatening gangrene and life-7 

threatening sepsis [7,8].  8 

 9 

LMIC status negatively influences healthcare and patient-related outcomes [1-3]. This case 10 

highlights the lack of resources available in LMICs like Zambia, and the impact on patient 11 

outcomes. Basic infection control measures such as hand hygiene and barrier protection 12 

proved to be difficult with deficient supplies of alcohol gel, soap, gloves, bacterial swabs, 13 

and sterile equipment. Without HEPA filters in theatres, open exterior windows further 14 

increased the risk of infection. While hospitals like this in Zambia are extremely 15 

resourceful with their equipment, research shows that HAI rates in lower income countries 16 

is at least 2-fold higher than in high income countries [1-3].  17 

 18 

Infection prevention and control (IPC) is crucial in healthcare to reduce complications and 19 

improve health outcomes. Poor IPC in this case contributed to the complications associated 20 

with this patient’s wounds including gangrene, frequent surgeries, limb loss, and prolonged 21 

hospital stay, all factors which further increase the risk of additional HAIs [2-5]. Evidence-22 

based practice recommends the use of prophylactic preoperative antibiotics to significantly 23 

decrease the risk of SSIs [4-5]. Unfortunately, in this case, antibiotics were only given 24 

postoperatively. The presence of infected, necrotic tissue is an indication for extensive 25 

debridement which may include lower limb amputation and is necessary to prevent life-26 

threatening sepsis [7-10]. Complications following amputation include medical 27 

complications, wound infection, and the need for re-amputation, all of which occurred in 28 

this case [9,12]. Approximately 10-20% of below-knee amputations entail a re-amputation 29 

at the transfemoral level, with this rate substantially increased in lower income countries 30 

due to poor infection control [9-11].  31 

 32 

Moreover, evidence suggests a strong relationship between HAIs and antibiotic resistance, 33 

a growing global health burden [6]. Drug-resistant organisms cause the majority of HAIs 34 

worldwide, placing poor infection control among the drivers of antibiotic resistance [6,12]. 35 

Prolonged hospitalisation, recent surgery, and prior antibiotic use – particularly the use of 36 

third-generation cephalosporins (e.g. ceftriaxone) – all of which were present in this case, 37 

are independent risk factors for a drug-resistant infection [12,13]. Therapeutic guidelines 38 

[14] recommend a first-generation cephalosporin, for example, cefazolin, as first line 39 

antibiotic prophylaxis for open fractures, although these were not available in this Zambian 40 

hospital. Zambia is just one of many countries worldwide contributing to the trend of 41 

increasing antibacterial drug resistance [15]. Antibiotic resistant microorganisms such as 42 

Staphylococcus aureus, Klebsiella pneumonia and Escherichia coli have been isolated in 43 

Zambia, and there is a high prevalence of resistance to gentamicin, penicillin, ciprofloxacin, 44 

and ceftriaxone [16-18]. The limited supply of sterile swabs, microbiology laboratory 45 

equipment, and effective second- and third-line antibiotic therapies in LMICs further 46 
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increase the risk of morbidity and mortality associated with antibiotic resistance [6,12,13].  1 

 2 

Finally, the importance of early anatomical reduction in the management of displaced 3 

fractures was highlighted by this case. The five-month delay to fracture fixation as a result 4 

of multiple HAIs lead to a complicated surgical procedure and a poor functional outcome. 5 

Early anatomical reduction, surgical repair and functional rehabilitation of femur fractures 6 

reduces complications and improves long term function [19,20].  7 

 8 

Conclusion 9 

 10 

The consequences of HAIs can be devastating, with these poor outcomes skyrocketing in a 11 

resource-limited LMIC hospital. HAIs are preventable presentations which can lead to 12 

significant morbidity and mortality. This case demonstrates the importance of adequate 13 

resources on IPC and highlights the vital need for more health awareness and funding in 14 

Zambia and, by extension, other LMICs. 15 
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